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ABSTRACT

Researchers from the National Institute for Oecupatileonal Safety and Healch
(NIOSH) conducted four in-depth field evaluastions, and one laboratory study to
evaluatz three coemmercial dental operatory waste anesthetic gas scavenging
systems for their effectiveness in reducing N,0. Tweo of the scavenging
systems were chosen for the field evaluations because of natienwlde
availability and differing nasal con= scavenging design. The ather scavenging
system was evaluated in the laboratory because of its unique design to capture
N,0 due to patient mouth breathing. All scavenging systems, as designed, were
found to be Inadequate In consistently controlling the gas to the NIOSH REL.
The NIOSH Recommended Exposure Limit (REL) for N,0 Is 25 parts per mlliion
parts {ppm} of air or less during administration. The BEL i= based on
svoldance of adverse reproductive and impaired psychomotor health effects.
Infrared thermography, real-time sampling, and integrated personal and peneral
area sawpling were conducted to quantify exposures to dental personnel in the
field studies, The fourth in-depth survey included a combinatieon of
laboratory and field work on two new local exhaust systems, intended primarily
to contral patient mouth emiszions of N,0. Labhosratory testing en a head form
in conjunction with the fourth field evaluaticn, established that mask leakage
duee to poor fit was the primary cause of N0 emissions. An improved mask fic
and the addition of a slotted skirt arcund the outer mask shell individually
resulted in greatly reduced leakage rates in the laboratory tests. Alse,
exhaust systems placed on the chin, on the chest, or im the mouih, proved
effective in capturing mouth emissions simulated by a breathing machine anc
head form. Based on these in-depth field surveys and laboratery rests, it was
determined that N,0 concentrations may be consistently controlled to
approximately 25 ppum or less by the fellewing: (1) maintaining a leask free
H;0 delivery system from the cylinder toe the scavenging mask, (2) adjusting
the system exhaust ventilation to recommended flow tates of approximately

45 Jiters per minute, {(3) Llnstalling an air measuring dewvice (such as a
flowumeter) ta assure that the exhaust rate is set properly, {4) redesigning
the scavenging mask for better fit on the patient, and {5) using an auxiliary
exhaust ventilation placed ncar the patient’s mouth to capture excess N,0 from
patient mouth breathing,
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INTRODUCTION

The Occupational Safety and Health Act of 1970 has given the National
Institute for Qccupational Safety and Health (NIOSH)}, Centers for Disease
Contrel and Prevention (CDC), a number of responsibilities, including the
identification of occupational safety and health hazards, evaluations of these
hazards, and recommendations for standards to regulatory agencies for control
of hazards. Located in the Department ¢of Health and Human Services, NIOSH
conducts occupational safecy and health research to assist the srandard
setting function of the Occupational Safety and Health Adwinistration (0OSHA)
in the Departwment of Labor. An important area of NIOSH research deals with
methods for controlling occupational exposure to potential chemiral and
physical hazards., The Engineering Control Technology Branch (ECIB) of the
Division of Physical Scierces and Engineering studies the engineering aspects
of health hazard prevention and control in the werkplace.

Currently, ECTB has been conducting an assessment of nitrous oxide exposures
to dental persomnel working in dental operatories. Nitrous oxide (N,0) mixed
with oxygen has been used In dentistry as an analgesic and as a sedative for
more than 100 years. Today more than 424 000 workers who practice dentistry
{i.e., dentists, dental assistants, and dental hygienists) in the United
States, sre potentially exposed to N,0.1-2

Research was Initiated to provide specific information abeout consistently
contrelling waste N0 In dental operatories below the NIOSH Recommended
Exposure Limit (REL) of 25 parts N,0 per million parts (ppm) of air during
dental surgery. There were three premises for this investigatien. First,
there were commercially available N,0 scavenging systems to control waste N,0
in dental operatories, Second, there was published informaticn in the
literaturse, indicating that such systems did not control waste N0 to below
the NTOSH REL. Third, there was insufficient evidence to indicate why such
systems did not comsistently control waste N;0 to below the NIGSH REL.

RESEARCH OBJECTIVES

The objectives of this research were the fcollowing: (1) To determine why
commercially available N0 scavenging systems were not controlling
concentrations of N,0 to below the NIOSH REL; (2) To determine whether the
performance of commercially availaple systems could be improved to
consistently reduce exposures to below the NIOSH REL; and (3) If the improved
performance of commercially available scavenging systems could not
consistently reduce exposures to below the NIOSH REL, te determine what
further developments were needed to reach this goal.

THE WEED FOR CONTROLS

The suspected long-term adverse health effects associated with exposure to law
concentrations of N;0 have been demonstrated in a number of epidemislogic
studiez. These adverse health effects include irritability, headache, nausea,
congenital abnormalities, sportaneous abortion, infertility, lymphoid
malignancies, cervical cancer, hepatic and renal disease, and neurological
disease.?"3°® Short-term adverse health effects of behavieral performance
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decrements have also been reported when N0 was acministered at 50 ppm in
controlled laboratory settings.’ The behavioral performance decrements are
not present at 25 ppm. Based on the epidemiologic studies and the short-term
health effeets of performance problems, NIOSH recommends that expesures be
limited to a time-weighted averape (TWA) concentration of 25 ppe during the
period of administration.®?

Since the WIOSH recommendation was estahlished, research efforts have focused
on the mechanisms of N0 exposure and reproductive cutcome. In the early
1280s, N,0 concentrations at 1000 ppm were reported to inactivate the

vitamin B,; component of the enzyme methionine synthetase. It was theorized
that the interference of the enzyme activity can impair deoxyribomucleic acid
(DNA) synthesis and thus may partially explain the role of N,0 in reproductive
toxicity.®!® However, more recent research suggests that this is not well
supported. What may be happening is a multifactorial etiology, which may
imvolve changes in uterine blood flow.11:12

OVERVIEW OF N,0

In the late 1980s, research demonstrated that rats exposed ta 500 ppm N0 for
eight hours per day for one or two months had reduced fertility.!® These
researchers hypothesized that N0 increases the fertility blocking secretion
aof luteinizing hermone reducing hormone in the hypothalamus, thus, disrupting
ovulation. Most recently, a retrospective epldemiologic study of female
dental assistsants exposed to N,0 showed significantly reduced fertilicy
compared te unexposed females, In addicien, those females wirh five or more
hours of exposure per week had a 59 percent decrease in the probability of
conception compared to unexposed females,!*

In 1977, NIOSH pukblished a techmical report entitled "Ceontrol of Occupational
Exposure to N,0 in the Dental Operatory."Y In this report, methods were
recommended ta control waste N,0 to 50 ppm during administration, based on the
technical feasibility of existing controls. Since then, several reports have
shown that not only is N;0 not being consistently controlled to 50 ppm, but
also not to the NIOSH REL of 15 ppm during administration (based on health

effects), when anesthetic gas control scavenging systems are
nsed 15.17,18,1%,20,21

Physical Freperties

N.0 is an odorless, stable, noncombustible, colorless, tasteless gas that is
approximately 1.5 times heavier than air. It is manmufactured commercially by
thermal decomposition of ammonium nitrate and purification of its
byproducts . ??

Toxicological Properties

N,0 does mot combine with hemoglobin but is dissolved in the bloocd as a
gas.?® It is eliminated, virtually uwnchanged, from the body by way of the
lungs; a slight amount may be excreted through the pores of the skin.?* HN,0
is a weak anesthetic with rapid onset and rapid emergence,?’ most of it
disappearing from the body in 17 to 35 minutez after being discontinued. N0
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can produce several changes in cardiovascular function. It may depress rhe
myocardial action while stimulating the heart by central activation of the
brain miclei.?® It decreases cardiac output, stroke volume, mean arterial
pressure, stroke work, and minute volume.?? Decreases are also seen in blood
pressure, pulse rate, and respiration.?® In 1979, Vean and King stated that
N0 acted solely on the cerebral cortex, thus causing a mild depression and
that N,0 was not allergenic.?® Amess et al. (1978) pointed out that N,0 may
interfere with the function of vitamin B;.?*® The toxic effects of N0 have
been attributed to its ability to inactivate the enzyme methionine synthetase
by oxidizing the enzyme's vitamin B,; cofactor. Supporting decumentation by
Sweeney et al. (1985) provided evidence that occupational exposure toe N0 may
cause depression of vitamin B, activity, resulting in measurable changes in
bone marrow secondary to impaired synthesis of DNA,’' Other researchers have
suggested that N0 may not depress vitamin By, activity, but that ancther
mechanism may be causing the reproductive health effects.?:??

Reproductive Effects
Human Studles--

Exposure to N,0, along with other anesthetic agents including halogenated
anesthetic compounds, has been identified by epidemiclogical studies to he a
suspected reproductive health hazard. Vaisman published the first report in
1967 of adverse reproductive effects from working in operating theaters.®

Dr. Vaisman noted that 18 of 31 female anesthesiologists who had heen pregnant
experlenced at least one miscarriage. A mumber of studies in Sweden, the
United Kinpdom, and the United States have shown adverse reproductive effects
in females working in operating rooms.*:%?® The most comprehensive
epidemiological study of health dysfunction associated with work in the
operating room was from research data obtained from 40,044 respondents.®
Females working in the operating room showed an inetreased ineidence of
spontaneogus abortion and carcinoma. The incidence of birth defects in their
offspring was elevated, as well as in the offspring of nonoccupationally
exposed wives of expesed male anesthetists. Spontaneous miscarriage and birth
defects also were reported in a survey of female anesthetists in the United
Kingdom.?

The findings of several epidemiclegie surveys were summarized by

James T. Purdham of the Decupational and Enviromnmental Health Unit, University
of Toronto.’® Arother study summarized the In vitre animal and retrospective
studies from N,0 exposure,’ A consistent result in these summaries showed
that wonen exposed to waste anesthetle gases had a higher than expected
incidence of spontanecus abortions., Congenital abnormalities in the offspring
af exposed women were less strongly associated but were slightly higher than
normal. A recent epidemiologic study of California female dental assistants
found that women exposed to nonscavenged N,0 were at significant risk of
subfertility compared to unexposed women, and those with five or more hours of
exposure per week had a 59 percent decrease in their probability of conception
for any given menstrual eycle compared to unexposed female dental
assistants,'* This same study alsoe reported that female dental assistants who
worked with N,0 had no evidence of reduced fertility when working with
scavenged N,0 systems compated to controls.
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Animal Studlies-—-

Supporting evidence of the toxic effect of aneschetic agents is shown in
laboratory studies, The evidence includes the following: teratogenic effects
in various animal specles upon exposure to a wide group of inhaziavion agents
at anesthetic concentracions, decreased survivel rate in various species,
structural changes in the central nervous system of rat fetuses following a
single maternal exposure, decreased ability to solve msze problems in rats,
and evidence of testicular damage after a minimum of two days exposure teo

20 percent N,0.3%%7 Several animal studies have focused on anesthetic

gases, principally N,0 and halothane, as a cause of miscarriage or congenital
abnormalities, When the animals were exposed to high concentrations of these
anesthetics, spontaneous abortien (animal fetal resorption) and congenizal
abnormalities were observed. In one study by Viera et al. {1980), spontancocus
abortion was cbserved in rats at 1000 ppm ov more.'? Similar concentratiens
of 1000 ppm have been found in operating rooms and in dental operatories net
equipped with scavenging systems.

In a recent study, female rats were exposed to high concentrations (30 percent
equal to 300,000 ppm) of N,0 eight hours/day for four days to allow completion
of one ovulatory cycle, All exposed rats exhibited abnormal ovulatory cycles.
Rats exposed to oxygen and compressed air maintained a normal four-day estrous
cyele.!® More vecent animal experiments suggest that the reproductive hazards
may be related to decreased release of luteinizing hormone reducing

hormone .l Other studies show that exposure to concentrations of 50 percent
or more of N,0 for 24 hours during early pregnancy result in high incidence of
fetal wastage and skeletal and visceral abnormalities.®** The mechanisms
which result in the fetal wastage and skeletal and visceral abnormalities, as
well as other teratogenic effects, are yet to be defined. As mentioned
earlier, one popular opinion suggests that N,0 reacts with the reduced form of
vitamin By,, thereby inhibiting the aetion of methionine synthetase, and thus
interfering with DNA synthesis.** However, this opinion has been challenged
recently; an alternate theory suggests that N,0 stimulation of alpha-1
adrenergic receptors may account for some of the adverse reproductive
effects,?® Fujinaga et al. (1%%91) suggest that two mechanisms can be
postulated for linking adrenergic stimulation and adverse reproductive
effects: reduced uterine blogcd flow, and/or overstimelatieon of § protein-
dependent, membrane signal transduction pathways.?® Both mechanisms are
reported to be linked to teratopenic and tumorigenic effects. While the
animal studies are mnet direetly transferable to human studies, the
reproductive effects warrant prudent use and centrol of N,0.

Garcinogenicity and Mutagenicity

Excess cancer was found in a small group of nurse anesthetists in Michigan by
Corbet= in 1973.*" However, Ferstandig evaluated Corbett's work and found
that the high cancer rate occurred only for one year, and when all the data
were coensidered, there was mo significant difference between the nurse
anesthetists and the control group.®® Tests for mutagenicity (a test for
screening carcinogenic agents in bacterial systems) are negative for N,0,%



Liver and Kidney Effects

A national study sponsored by the American Society of Anesthetists found that
liver diseazse oceurred more frequentily among males and females exposed to
anesthetic agents; kidney disease was less strongly associated with anasthetic
exposure,®’ Studies supporting these conclusions were performed in

England,'® Because the workers were exposed to a mixture of anesthetic

agents including nitrous oxide, halothane and methoxyflurane, it was not known
what impact N,0 alone had on liver and kidney dysfunetion. In animal
experiments N,0 was shown to be without effects to the liver and kidneys.3®

Central Nervous System Effects

Human studies testing cognitive and motor skills show that exposure to trace
concentrations of anesthetic gas mixtures, N;O0/halothane or N;0/enflurane, and
N,& by itself results in decreased ability to perform complex tasks.*%:* 7
However, experimental attempts to duplicate human performance decrements have
not supported these earlier studies.”™ While habituzl use of N,0 has been
linked to damage of the peripheral nervous system, the literature does not
define a safe limit of occupational exposure that will not impair performance,

The epidemiologic and behavisral toxicity studies are not without controversy.
The literature citing limirations of the research for long term, low
concentration exposure to N,0 is summarized by Yagiela (1991).%? Yagiela
concludes that there is evidence that a potential danger exists for adverse
health effects to occur as a consequence of N,0 exposure, and that there is a
known mechanism by which N0 could induce deleterious healch effects. 1In
addition, some studles have not been able to duplicate the deficienmcies in
behavioral performance among test subjects reported in the

literature, 31,3233

EXPOSURE LIMITS

In May 1977, NIOSH published a eriteria document entitled "Jccupational
Exposure to Wasts Anesthetic Gases and Vapors."® This decument recommended a
N,0 concentration no greater than 25 ppm during administration. This document
alse recammended the use of engineering and work practice controls and
diseussed health effects and methods for monitoring anesthetic waste gases and
vapors. The NIOSH REL for N,0 in the criteria document was based on several
studies showing adverse health effects at higher anesthetic concentrations,
including the following: irritability, headache, nausea, congenital
abnormalities, spontaneous abortion, involuntary infertility, lymphoild
malignancies, cervical cancer, hepatic and renal disease, and neurolaglcsl
disease compared to controls.?-* 7-3:-%. However, the recommendation for a 25
PPO maximum limit was based primarily on a NIOSH-sponsored study performed by
Bruce and Bach® 7 and publisned by NIOSH in April 1977.1% This study showed
that human volunteers who were exposed to N0 at concentrations of 50 ppm had
audiovisual decrements with delayed reaction times to audiovisual stimuli. Na
such decrements were observed at 25 ppm.? The criteria document concluded
with the following recomrendation: "The adverse effects of prime concern
inveoive decrements in performance, cognition, audiovigual ability, and in
dexterity during exposures to nitrpus oxide. Such effects have been observed
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at exposure levels ro N0 at 500 ppm, At levels as low as 50 ppm, audiovisual
decrements were observed in exposed volunteers. This shows the potential for
this substance to impair functional capacities of exposed workers. Similar
decrements were not observed at 25 ppm nitrous oxide with 0.5 ppm halorhane,
Based on this information NIOSH recommends that where exposures are limited to
N,O0 alone, the permissible level of exposure should be & TWA concentration of
25 ppm during the period of administration. "

In April 1377, a NIOSH techmnical repert was published which developed and
evaluated controls for vaste anesthetic gases in dental operatories.?’
Studies presented in this report and based on technical feasibility of
existing controls demonstrated that in dental operateries it was possible to
achieve a N,0 concentration of 50 ppm during administration. In October of
that sane year, an Ad Hoc Committee of the American Dental Association
published a report entitled "Trace Anesthetics as a Potential Health Hazard in
Dentistry."*® The Committee recognized the potertial that a heslth hazard
could oceur and urged that every effort be made to reduce the trace
concentration of anesthetic/sedative ageuts in Lhe denial enviromeent to
concentrations as low as possible using the existing technology.

In 1989, rhe American Conference of Governmental Industrial Hygienists (ACGIH)
recommendad a N,0 Thresheld Limit Value (TLV)® of 50 ppm for an 8-hour
day.®%** One problem with the 8-hour TWA is that it permits short-term
exposuras to high N,0 concentrations when the anesthetic is used
intermittencly, For example, if N,0 is administered for only oue hour during
the B-hour day, then it may be interpreted by the dental community that an
excursion of up to 400 ppm TWA is allowed under +he ACGIH guldelines.

However, in order te contropl for intermittent exposure, the ACGIH notes that
exposure should not exceced three times the TWA (i.e., 150 ppm during
administration of N,0).°®

05HA does net currently have a standard for ¥,0. However, it has drafted
guidelines for waste anesthetic gases and vapors. While the guidelines on
anesthetic gases and vapors do not specify a limit, it provides Information to
employers and employees on the potential health risks, ways to reduce
cancentrations through englineering or work practice contreols, means of
implementing medical or training programs, procedures for monitotring gases and
vapors in dental operatery, and iwplementatlon of preventive maintenance.

Presently there are few specific stare regulations governing the handling and
administration of N0 by dentists. The Boards of Registration in Dentistry of
24 states have rules that regulate the use of N,0. Massachusetts, Tennessee,
Utah, and Wisconsin have Ilmplemented more detailed regulatory language
regarding the use of N,0; Massachusetts and Wiscomsin also have implemented
laws to contrel N,0 by using scavenging systems.

DENTAL PRACTICES ANRD ANESTHESIA EXPOSURES
Analgesic/Anesthetic Dental Practices

Dental practices may vary according to the type of dental setting, dental
operation, and patient needs. Certain basie practices performed by the
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dentist when using N,0 are similar. Before N,0 is administered, the dental
assistant may position the patient in a dental chair and perform various other
functions needed before the dentist begins work. These may include organizing
the dental tools, setting up the mask for N,0 delivery to the patient, and
arranging intravenous sedation (if needed). Following preparation procedurss,
the dentist positions himself next to the patient and begins the operation.
The dentist or assistant places the mask over the patient’s mose, turns on the
oxygen and N,0, and waits a few minutes, possibly five to ten mimutes, for the
N,0 to take effect, MN,0 can be administered to the patient from a range of 1
to 70 pexcent; the usual range is 30 to 50 petrcent N,0. Far safety reasons,
certain anesthesia machines are designed so that no more than 70 percent N0
and no less than 30 percent 0, can be delivered to ths patient. The amount of
N0 administered is based on patient needs as determined by the dentist. Some
dentists administer N,0 at higher concentrations at the begimning of the
operation, then decrease the amount as the operationm progresses. Others
administer the gsame amount of N,0 throughout the operation. When the
aperation is completed, N0 iz turned off. Oxygen may be continued for a few
minutes, after which the mask is removed from the patient. Some dentists turn
the N,0 on only at the beginning of the operation, using N,0 as a sedative
during the administration of local anesthesia, and turn it off before
aperating proecedures. Based on variations in dental practices and other
factors in reom air, N,0 cencentrations can vary considerably for each
operation and also vary over the course of the operation.>

Hitrous Oxide Exposure During The Dental Procedure

When N,C equipment leakage is prevented, gas concentrations will be highest
around the breathing zone of the patient, especially the nosepiece where the
anesthetic is adwinistered. The anesthetic gas mixture is exhaled by the
patient, either from the mose or from beth the nese and mouth, and is diluted
by mixing with yoom air. Mixing cccurs from the movement of supplied air
through ducts or wall-mounted air conditioners and from the movement of the
dentist and dental assistant. N,0 concentrations vary according to the amount
of fresh air supplied to the dental room and the room configuration (i.e.,
open ot closed architecture).’’ Personal exposure of the dentist and dental
assistant te the anesthetic will vary according to their proximity to the
breathing zome of the patient and the general room concentration. Previous
survey observations have shoawn that the dentist usually works from 6 to 12
inches abowve the patient’s breathing zone, while the dental assistant works
from 12 to 24 inches of this zone,¥ 1In an environment where there is little
air movement, high concentrations of N,0 may occur between the working level
of the dental persannel and the patient. If the room is not well ventilated,
gas concentrations may be wvery high at times and not return teo baseline
levels. Owver time, background concentrations may increase, as other
operations using N,0 are performed.

Personal exposures of N0 found in earlier surveys conducted by NIOSH
researchers varied from 25 ppm to 3,500 ppm.?! Table 1 shows the results of
NICOSH Hazard Evaluation and Technical Assistance (HETA)} evaluatioms For
nonscavenged occupational exposure to nitrous oxide in dental operatories.



The NIOSH findings are consistent with other studies showing high

concentrations of N;0 in dental operatories.

Az Table 1 shows, there is a

large range of N,0 concentrations for nonscavenged delivery systems. Scheidt
et al, showed that the concentration of waste pas in the ambient air during

adeinistration of N,0/0; is dependent upon three primary factors:

(1} the

distance from the noseplece escape valve; {2) the peosition in relation to the
direct line of waste gas dissemination; and (3) the changes in concentration

of analgesia. ™

Tahle I. HTOSH Hazard Evaluation & Techniral Assistance (HETA) results for
NyC in nonscavenged dental operatories.
———————
HETA # General Area Sampling Personal Sampling
Report Humber Range, (ppm) Range, (ppm}
78-9%9 10 - 170 150 - >1400
79-5-554850 75 - 3000 90 - 3500
79-4362 170 - > 1000 1803 - >1000
73-5952 54 - 500 238 - 2650
B0-1652 100 - 210 25 - 300 _
Bl-200-9995 150 - >1000 200 - 700
£1-342-1005% 4 - »250 175 - =250
£4-126-1555%8 20 — 350 -
£4-204-1600% 100 - 750 670 - 2270 ﬂ
84-412-1612%° 70 - 315 2400
£5-408-166657 100 15¢ - >1000 "
86-157-167870 50 - BQGO 700 - >1Q00 !
|

Angle of pesition in ralation to the directlon of waste gas dissemination was

shown to be the most dominant factor,

These findings may explain the large

variation reported in the literature with regard to concentrations from

nonscavenged systems.

CONTROL PRINCIFLES

Occupatlonal exposures csn be controlled by the application of a number of
well-known principles including engineering measures, work practices, personal

protection, and monitering.

These principles may be applied at or near the

hazard source, to the general workplace enviromment, or at the point of

occupational exposure to individuals.

Controls applied st the source of the



hazard, including engineering measures (material substitution,
process/equipnent modification, local ventilatien) and work practices, are
generally the preferred and most effective means of contrel in terms of both
occupational and envirormmental concerns. In dental operatories, exposure to
N,0 may be contrelled by the following activities: (1) effective scavenging
devices that remove excess anesthetic gas at the point of origin (e.g., from
the proximity of the mask); (2) good work practices on the part of the dentist
and dental assistant, including the proper use of controls; (3) proper
malntenance of equipment to prevent leaks; and (4} regular monitoring of
environmental exposure for lesks in the anesthesia equipment delivery systems
and to assure the effectiveness of equipment and contronls, Additional

controls that may be applied Include dilution, general ventilation, and good
housekeeping.

In general, a system comprised of the above control measures is required to
provide worker protection under normal operating conditiens, Workplace
monitoring devices, persomnal exposure monltoring, and medical monitoring are
important mechanisms fox providing feedback concerning the effectivencss of
the controls in use. The educatien and training of dental personnel te reduce
and eliminate occupational health problems are also important elements for a
complete, effective, and durable control system.

The sections that follew briefly examine the existing puidelines and current
controls that are used to reduce sources cof N,0 in the dental operatory.
Appendix A provides additional information on contrels that are used for N0
at various points in the analgesia delivery system.

Engineering Controls
Substitutien--

The subkstitution of N0 with a nontoxic analgesic gas, which can perform to
the specifications required by this profession, would eliminate the hazards to
the dental personnel from exposure to N,0. Currently no such analgesic gas is
avallahle, Although N0 is routinely used in dental practice, many dental
schools are training their students to use local anesthetics in combination
with injentahle drugs to get the same results. However, many dentists
continue to prefer N0 because of its relative safety.’

I=solation——

Isolating dental personmel from N,0 emissiomns by a physical barrier or by
increasing the distance between the dentist and the patient while N,0 is in
use is a potential control method to reduce exposure. However, physical
separation with a clear plastic barrier placed between the patient and dentist
may mot be practical because of the awkwardness and distance constrain:ts of
such a barrier. 1f barriers such as clear plexiglass are used, then
functional design elements, such as size, distance, and effects on lighting,
reed to be considered. Consultation with dental practitioners will help with
design, as well as acceptability of such control devices in the dental
trofession. Tt has been reported that a "rubber dam,” a2 plastic 6Xé inch
sheet placed in the patient’s mouth during N,0 administration, serves te
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reduce wasle N0 by crapping this gas In the patient’s mouth. However, as
discussed later in this report, N;0 emissions may not be reduced by the use of
rubber dams. The use of infrared thermography indicated that N,0 was not
trapped in the patient’s mouth but was redirected through the left and right
sides of the mouth where the rubber dam was not fasteped.”’

Respiratory Protection—

Workers should wear respiratory protection when N,0 concentrations are not
consistently below 25 ppm; however, practical consideraticns may prevent them
from wearing such protection. Therefore, it is essential thst employers use
the engineering controls and work practices to reduce N0 concentrations below
25 ppm.

When N,0 concentrations are not consistently below 25 ppm, workers should take
the following steps to protect themselves:

Wear air-supplied respiraters, Alr-purifying respirators (chat is,
respirators that remove N0 from the air rather than supply air from a
clean source) should not be used because respirator filters do not
efficiently remove N,Q.

As zpecified by the NIOSH Resplrator Decision Logic, minimal protection
for an air-supplied respirater is provided by a half-mask respirator
operated in the demand or continuous-flow mode. [Note: the assigned
protection factor (APF) for this class of respirator is 10. The APF
indicates the amount of protection provided by a class of respirator.
An APF of 10 means that the respirator should reduce the air
concentration of N,0 for the wearer by a factor of 10 {or to 10% of the

concentration without respiratory protection).] More protective air-
supplied respiraters are described in the NIOSH Respirater Decision
L(?ag,:'Lt':+"'2

When resplrators are used, the emplayer must establish a comprehensive
respiratory protectlon program, as ourlined in the NIDSH Guide to
Industrial Respiratory Protection, and as required by the OSHA
respiratory protection starndard [29 CFR 1910.134]. Important elements
of this standard are (1) arn evaluation of the worker’s ability to
perform the work vhile wearing a respirator, (2) repular training of
personnel, (3) periodic envirommental monitoring, (4) respirator fit
testing, (5) maintenance, inspection, cleaning, and storage, and (6)
selaction of proper NIOSH-approved respirators. The respiratory
protection program should be evaluated regularly by the emplover.

Scavenging Systems--

The NIOSH technical repert entitled "Control of Occupational Exposure to NG
in the Dental Operatory,” published in 1977, presented information on the
development of engineering controls to consistently control waste N,0 ko

50 ppm during administration. The main engineering control was the design and
development of a nasal scavenging mask. This scavenging mask consists of an
irner and a slightly larger outer nasal mask. The immer mask has two
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3/8 inches hoses comnected which supply anesthetic gas to the patient. &
relief-valve is attached te the inner mask te release excess N0 inte the
outer mask. The outer mask has two smaller hoses connected to a vacuum system
tu cdapture epxcess gases from the patient and from the analgesis machine. A
flow rate of approximately 45 liters per minute {lpm} is the optimal Elow
necessary to prevent significant K,00 leskage into the room air.

In addition te scavenging masksa, cother engineering controls were developed to
control N0, sueh as a suction hook and evacuated plastic hood which fit over
the patient’s head.® Researchers found the hood and suction hook were
compatible with a conventional nasal wmask; however, 1t was inconvenient to the
dentist and unacceptable to the unanesthetized patient. The three-stage
industrial serubber, which contained a water spray, a calclum sulfate (GaS80,)
absorber, and a high efficiency filter did not significantly reduce N,0
concentrations. The authors concluded that optimal control of H.0 could not
be achiewved by any single contrel system, and that the primary systems shkould
include a regular mainteanance program of the anesrhatic aquipwent to reduce
leakage, ventilation of the waste N,0 to a safe disposal site, and use of a
scavenging nasal mask.?

The usval analgesia equipment used by the dentist includes a N,0 and D,
delivery system, a gas mixing bag, and a nasal mask with a positive pressure
relief valve.”’? The analgesia machine is usually adjusted to deliver more of
the analgesic gas mixture than the patient can use,

A gcavenging system, simply defined, is s means to collect and remove excess
gases te prevent them from being vented back into the operating room.
Installation of an efficient scavenging system is the most importsnt step in
reducing trace gas concantyations, It has been demonstrated that ambient
concentrations have been lowered by 90 percent through the use of an efficient
system, 't 7370

4 scavenging system has five basic components: (1) a gas collection assembly,
which captures excess anesthetic N,0 &t the site of emission, then dellvers it
to the transfer rubing; (2) transfer rubing, which conveys the N0 to the
interface; (3) the interface, which provides pressure relief and may provide
resarvoir capacity: (4) gas disposal assembly tubing, which conducts the N,O0
from the interface to the disposal assembly; and (5) the gas dispasal
assembly. Some or all of these components may be combined into a single
device.

The first prototype vacnur connected scavenging system was developed and
tasted in the middle 1970s. There are currently several commercially
available scavenging systems,; however, several studies have shown that these
systems cannot consistently meet the NIOSH REL,1¢.17.19.19,20,77,78,7% The most
common scavenging system design includes a scavenging circuit (Mapelson D}, a
nasal mask, and a vacuum system. Figure 1 iz a simplified schematic of a
common anesthetic nasal mask that is retrofitted with scavenging equipment (a
plastic dome with an exhaust tube is attached to the nasal exhaust port to
reduce ambient N,0 concentrations). Another common nasal mask for scavenpged
systams has two rconeentriec masks in which anesthetic gases are supplied
through a pair of tubes to the center of the mask. A second ser of tubes is
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Figure 1 Schematic of an anesthetic nasal mask retroficted with a plastic
scavenging dome and exhaust port.
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attached to the outer space of the mask to provide exhaust.!® This shape
allows for scavenging of excess gas supplied to the patient, as well as excess
gas that may escape around the edges of the mask. Figure 2 is a simplified
schematic of the principal components of this common scavenging nasal mask.
Figure 3 is a schematlc of the anesthetic gas delivery and scavenging system
with a detail of the Porter-Brown Scavenging Mask.

Nitrous Oxide Concentracions in Dental Operatories with Scavenging Systems

Table 2 shows NIOSH HETA results for scavenged occupational exposure to N,0 in
dental operatories., These data show that scavenged dental operatories have
lower N,0 concentrations compared to nonscavenged dental operatories.

However, such systems do not consistently reduce N,0 to the NIOSH REL.

S§imilar results have been reported by other researchers.®3 A recently
published artiecle showed high concentrations of N;0 for both scavenged and
nonscavenged systems vwhen used during pediatric sedation.!® This study was
performed on 20 uncooperative 2 to 4 year old children, randomly assigned to a
performed on 20 uncooperative 2 to & year old children, randomly assigned to a
scavenged versus nonscavanged dental operatory. The results showed the N0
concentrations exceeded the NIOSH REL by more than ten times, regardless of
whether a scavenging system was employed or not (mean concentration 300 ppm
for scavenged versus 375 ppm for nonscavenged dental operatory).l®
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Figure 2 Schematic of the principal components of a common scavenging nasal

mask.

Table 2. NIOSH Hazard Evaluation and Technical Assistance (HETA} results

for N,0 concentrations in dental operatories using nasal
scavenging masks.

———c——u=
HETA General Area Sampling Personal Sampling
Report Number Range, {ppm) Range, (ppm)
78528 TRACE 38 - 171
78-129-544%2 o - >160 40 - 43¢
79-107-632% 10 - 60 10 - 304
80-102-764% 3 - 3% 16 - =230
80-113-813% 25 400 - 500
B0-245-833%% 200 250 - >1000
81-111-147187 40 - »>250 30 - »1000
§2-070-114888 300 — 650G 630 - 10300
84-126-155556 7 - 182 130 -~ 1300
84-412-161258 30 - 270 830
86-176-1469989 G - 500 200 - 1000
7-281-1854%0 65 - 140 3 - 220
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Efficiency of Different Scavenging Systems

& study to determine the efficiency of scavenging devices by a standardized
experimental model was conducted by Hollonsten in 1982.1¢ Eight different
masks were tested using well-controlled sedation techniques., Efforts were
made to reduce N;0 leakage by employing leak-preof eguipment and carefully
positioning the neose mask. The breathing zone N,0 concentrations for the
dentists wvaried from 4 to 385 ppm and the ambient air concentrations {l.e., in
the dental operatory, but not in the dentist’s breathing zone) ranged from

0 to 55 ppm. These resulits are consistent with the NIOSH studies cited abkove,
which show that operatories using scavenging systems have a range of 10 ppm to
1,300 ppm for personal sampling, and from O to 800 ppm for ambient air, or
general air concentrations. Researchers comparing other scavenging systems
have reported similar results.1%:17:38:9L 7Jp 3 study performed by Hollonsten,
seven commercially available scavenging systems were evaluated: Blus™,
Brown", Porter™ #1, Porter™ #2, two conventional masks fabricated in Denmark,
and the Fraser-Harlake™, Sampling results for the Blue Mask showed a mean
concentration of 4 ppm (2-65 ppm) for 12 experiments; the Rrown mask showed a
mean concentration of 5 ppm (2-178 ppm) for 13 experiments. The other masks
ranged from a mean ceoncentration of 17 te 53 ppn and met the Swedish standards
of occupational exposure of 100 ppm. The Fraser-Harlake system did not
perform as well as the othersz tested with a mean concentration of 385 ppm
(110-1400 ppm) .}®

Donaldson et al. published infermation in which the mechanisms, testing, and
effectiveness of various scavenging systems were evaluated.?® Donaldson was
able to show differences in mask performance under conttolled conditions. Six
scavenging masks were evaluated: Brown, Porter, Parkell™, Dupaco”, and
Fraser- Harlake. The Brown mask performed best with a mean concentration af
43 .4 ppom for 35 trials in eight different dental offices; the Fraser-Harlake
performed worst with a mean concentration of 62 .7 ppm for 35 trials in eight
dental operatories. Reasons fer leakage ranged from talking (48%), movement
{48%), poor mask fit {36%), restlessness (12.4%), technical problem (9.5%),
mouth Lbreathing (2.8%), mask povement (4%), and moustache {3%). Donaldson
concluded that (1) the scavenging systems did net perform as well under actual
conditions of dental surgery when compared fo controlled experimental
conditions and (2) that rthe scavenging systems appeared to perform best when
used with nitrous oxide delivery systems designed for the mask. Mixing and
matching different anesthesia delivery and scavenging components produced
poorer results.

The state of Wisconsin Department of Health and Social Services, Occupational
Health Section, has performed over 300 deatal surveys dating from 1978,
Analysis of data from dental operateries where the scavenging system and
vacuun exhaust rate Information was ceollected showed that these operatories
had significantly lower waste N,0 concentrations than dental operataries
without scavenglng systems and masks (scavengiag: [N=101 dental sites] mean
N,0 concentration b686/medlan 265; no scavenging: [N=64 dental sites] mean N0
concentration 2031/median 658). Table 3 shows the immediate work area N,0
concentration results from different scavenging systems in dental operatories
for the state of Wisconsin.
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Table 3. Mean and standard deviation »f N,0 concentrations in dental
operatories far scavenging masks evaluated in Wisconsin.

Scavenging Masks Dental Sites Mean N,0 Standatrd
Surveved Concentration Deviartion
Porter 33 634 650
Brown 20 325 357
Forler—-EBErown™ 1 223 -
Blue 2 51 10
MDT-HcKessen™ 3 257 7
l Fraser-Harlake 16 1105 2203
H_Cumfart Cushion™ 3 112 50
Other 4 19¢ 56
Unknown 17 1263 : 2411
= —_— -

Based on this infermation, the state of Wisconsin Eoard of Dentistry required
that scavenging systems be installed in dental operateries when N,0 is used
and that the vacuum flow rate for the scavenging mask should be 45 lpm when
administering a mixture of N,0 and 0, to the patient. The Board of Dentistry
alse recommended that the masks be purchased or retrofitted with a flowmeter
to verify vacuum flow rates.?® This data also showed that the scavenging
systen exhaust rate was related to the ambient concentrations of N0 in dental
operataries, regardless of the type of scavenging system evaluated_ ®® Figure
4 shows the concentrations of N,0 in various operatories as a function of
scavenging system exhaust rates.

Loral (Auxiliary) Exhaust Ventilation--

In order to control for leakage around valves and fittings of the nasal mask,
the use of local exhaust ventilation has been shown to be effective ™ 1In
addition, the use of local exhaust ventilaticon in tandem with scavenging
systens was effective in reducing occupational exposure to N0 by 75 percent
during dental surgery, as reported by Carlsson et al.!” This type of
ventilation effectively captures the waste anesthetic gases at their source,
costs little to build, and werks well in operateries with peor general
ventilarion. The majox disadvantage is the proximicy of the local exhaust
opening to the patient (4 inches as recommended by Carlssen et al.). The
proximity of this exhaust is distraeting and may interfere with access to the
pacient’s mouth by the dentist,
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Figure 4. No0 concentration and scavenging system sxhaust rates —— Wisconsin
Date.®
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In anather study, Middendorf and Jacobs fabricated a portable local exhaust
ventilation system and tested its effectiveness in controlling nitrous oxide
exposures.'? For one operatory, peak exposures were reduced from 600 ppa to
less than 79 ppm. The authors concluded that a permanently installed local
exhaust ventilation system could be designed that would be feasible for most
operatories and should ot inlerfere with dental procedures. Figure 5
illustrates an auxiliary exhaust scavenging system used to capiure excess N,0
from nasal mask leakage and patient mouth breathing,

General Ventilation—-

The American Society of Heating, Refrigeration, and Air Conditioning Engineers
(ASHRAE) recommends up to 25 room air changes/hour for surgical suites.™
However, there are no recommendations for room air exchange rates for dental
operatories. It has been sugpgested that the guidelines provided by ASHRAE for
surgical suites be adopted for dental operatories.
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Figure 5.

An auxiliary exhaust system for capturing N0 from patient mouth
breathing,
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General ventilation 1s important when considering total control strategies for
airborne contaminants. However, it can be inefficient when trying to contrel
for N;0. Additional concerns for general ventilation are reentrainment of
contarinated air threugh ventilation systems and migration of N,0 to other
rooms.

Work Practices

Good work practices by the dentist and dental assistant are essentisl for
controlling N,0 exposure during administration., Good work practices by
dentists to reduce N0 exposure have been reported in the literature. These
include adjusting the scavenging system exhaust flow rate teo 45 lpm; selection
of the right size nasal mask for goed fit; turning the N,0 on anly after the
nasal mask has been secured on the patient; and flushing the aneschesia
delivery unit and scavenging system with 0, following N.0 delivery. To
controel N,0 emissions from the patient, demtal persommel should imstruct their
patients te aveid mouth breathing during dental surgery, avoid excessiwve
talking while N,0 is being administered, and minimize facial movement to
maintain the nasal mask seal.®®

Administrative Controls
Equipnent Inspectlion and Maintenance——

Good equipment and proper maintenance are imporrant when controlling N,0 in
the dental operatory. Routine inspection and maintenance of dental equipment
are essential in eorder to reduce N0 leaks and to have the best performance of
dental scavenging equipment. Procedures for evaluating and maintalning dental
equipment have been published.”?

Monitoring—

Boutine monitoring of N0 concentrations in the dental work environment is
needed to ensure that the engineering controls work properly and the
environment maintenance program contimues to perform sffectively. Monitoring
can be performed through conventional time-weighted average air sampling and
by real-time air sampling.

STUDY DESIGN
STUDY SITE SELECTION

The project protecol included the following requirementz for in-depth survey
site selection: The facility (1) used at least one of the five scavenging
systens selected tc¢ be evaluated; {2) had a minimum of four demtists; (3) had
a minimum of Four dental surgeries, with performance of operations in saparate
operating rooms; and (4} had the appearance of good work practices.

Four sites were selected for the in-depth evaluation of the Fraser—-Harlake and
Porter-Brown N,0 scavenging systems: two surveys at 5 pediatric dental

facility, ome at a oral surgical clinic, and one ar a dental clinic for the
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developmentally disabled. In addition, walk-through sutveys were conducted to
evaluate qualitatively the Blue Mask and Comfort Cushion at ¢twoe other
facilities: a family and cosmetic dental clinic and an Indian Reservation
Dental Clinie. Use of the MDT McKessen system was observed at the oral
surgical clinie. The Blue Mask, Comnfort Cushion, and MDT McKessen were not
quantitatively evaluated because the design, function, and use of these masks
were not sufficiently different from the Fraser-Harlake and Porter-Brown
systems te warrant in-depth evaluation.

Survey #1: Pediatric Dental Facilicy

At the time of this survey, 9 dentists, B dental assistants, and 8 support
staff were emploved. The facility performed dental work on an average of

41 patients per day with approximately 7 percent of the patients receiving N0
during dental surgery. This facility had ten dentsal chairs, all cquipped with
anesthetic gas delivery and scavenging systems, The dental work area had over
3,260 square feet of working space with three types of dental vperatories:
closed {one chair per eone room), semi-open {(twa chairs separated with 6 Foot
high partitions). and open {three chairs with no partitions). This dental
facility had used the Fraser-Harlake scavenging system for seven years prior
to this survey,

Survey #2: (Oral Surgical Clinic

This facility employed approximately 6 oral surgeons, 8 surgical assistants,
and 12 support staff who performed dental work om an average of 15 patients
per day: approximately 50 percent of the procedures used N,0. This facility
had ten dental chairs, all egquipped with anesthetic gas delivery and
scavenging systems. The surgical suites had floor to ceiling walls with
single door entrances. This clinic had used the Porter-Brown scavenging
syster for more than ten years.

Survey #3: Dental Clinic for the Developmentally Bisabled

All procedures were performed by dental hygienists in the dental clinie
serving patients with disabilictles., There was a common hall connecting two
groups of four side-by-side chairs., A partition separated the two groups of
chairs, but there were no partitions between chairs within each group.
Limited uge of N0 at chairs other than for the procedure under investigation
was noted and effects were evaluated.

Management personnel at this dental clinic permicted NIOSH researchers to
install and evaluate a local exhaust system to determine ics effectiveness in
reducing N0 from scavenging mask leakage and from the patients' mouth
breathing during dental surgeries.

Survey #4: Pediatric Dental Facility

The fourth in-depth survey was conducted at the same pediatric dental facility
as described in the first survey. FPhysical plant and persommel resources were
very similar during the fourth survey as described during the first NIUSH
survey. Scavenging systems were changed from the Fraser-Harlake to Porter-
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Brown, and the ventilation improved, Letween Lhe time of the first and fourth
in-depth survey,

KETHODS

While the basic methoed for evaluating N,0 was similar in all four in-depth
surveys, some differences based on knowledge gained from the prior in-depth
surveys were applied to the subsequent ones. Because of this approach, better
controls to reduce N0 exposure were nsed in each suceaeding in-depth survey.
"In-depth survey™ will be refarred te as "survey™ from this point on.

SAMPLING METHODS
Personal and Avea Sampling

During the surveys, air samples were taken in the breathing zome of the
dentiste or oral surgeons and the dental assistants or dental hygienists.
General area samples were taken at the room air supply and/or exhaust vents
and areas outside the room. Persoral and general area alr eXposures ta N0
were collected in 30-liter Tedlar bags and analyzed at the dental facility
using a calibrated infrared gas analyzer (Miran 1A, Foxborc Instruments, Inc.,
Foxbore, Massachusetts). Battery-powered, universal flow sampling pumps (SKG
?24-PCXR7, KK Tnearpnrated, Eighty Foaur, Pennsylvania) modified for bag
filling were used to draw air through a section of tygon tubing inte a bag.
MSA Flo-Lite Pro™ Pumps, (Mine Safety Appllances, Pittsburgh, FA), were used
in the third study. The sampling pumps were calibrated at a flow rate of 1.5
lpm for bath personal breathing zone samples and for gereral area samples.
The ssmpling punps were started when N,0 was turned on and stopped when N0
was turned off. General area sanpling was conducted at the entry to the
operatory, in the main hallway of the facility, at the toom air gupply and the
room exhaust fiztures, and at the appointment desk (separate from the
operatories). Analysis of N0 samples was perfarmed nsing a direet-reading,
portable, variable-path length infrared spectrophotometer {Miran 1A) in
accordance with NIOSH Method 6604.%% The general cenfiguration fer personal
and real-time N,0 sampling locations, dental or surgical suite layout, and
visual and infrared videography setup for the case studies are shown in
Figure 6.

Rezal-Time N,0 Sampling

During each dental oparation, N,0 was measured and recorded continuously. The
infrared gas analyvzer (Miran 1A} was used to measure the anesthetic gas
concentrations. This instrument is a variable fllter, wvariable path length
infrared analyzer with 20.25 meter cell. It has direct-reading scales with a
gas cell nixing time constant of approximately 15 seconds under continuous
gperation, The lag time is caused by a combination of factors, including
transport of the gas to the analyzing chamber, mixing of gas in the chamber,
and instrument response. PBecause of the time lap, the cutput wvalues at the
peak and low expesures are truncated., However, the accuracy and ease aof use
of this instrument for real-time sampling greatly outweighs this limitatien.
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Fipguxe 6. General configuration for personal, real-time, and infrared

videography monitoring of N,0.
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The Miran 1A sampling probe was located approximately 7 to 15 inches aheve and
& to B inches behind the patient's mouth (the average monitorec distance of
the oral surgeon’'s and surgical assistant’s breathing zones for each of the
dental operations menitored). The instrument settings used for N0 analysis
were wavelength of 4,48 wicrometers, slit widch of 0.50 millimeters, and a
path length of 6.75 metars, The aralytical limitc of detection under
laboracory conditions is 0.07 ppm; under field conditions in this study, the
analytical limit of detection was 5 ppm. The Miran 1A has a detection range
of approximately 1 te 1,000 parts of N,0. The detection range reported in the
third study was 5 to 2000 ppm. Both a lecture bottle of electronics-grade N,0
calibration gas and a bag of anesthesia-grade N,0 gas were used to calibrate
the ingtruments for these detection ranges; they were calibrated before and
after each survey,

In the first survey, the real-time output from the Miran 1A was directly
linked to an analog-to-digital signal board. For the second and third surveys
the pas concentrations were recorded by a Rustrak Ranger™ four channzl data
logger, Information collected by the data logger was dowvnloaded into a
partable GCampaq™ computer. The N0 data collected from each of the dental
operations was organized by using Pronto™ and Lotus 123™ computer software.
Miran 1A output for N0 was recorded at approximately l-second intervals and
the data was averaged every 15 seconds to simplify data analysis.

Two Miran 1A and one Miran 1B infrared gas analyzers were used for the third
survey. Both Miran lAs¢ were calibrated eaech day of operation ever a range of
approximately 8 to 2,000 parts of N0 ppm of air ppm. A bag of anesthesia-
grade N,0 and the Glosed Loop Calibratiom System™ (The Foxboro Gompany,
Foxboro, Massachusetts) were used,

Also at the third survey, sound pressure levels were measured for local
exhaust ventilation systems. The sound pressure levels were measured near the
dental hygienist's ear with a GenRad Type I Precision Sound Level Meter™
calibrated before and after each use.

Because the fourth survey was a combination of [ield and laboratery work,
methods for canducting this survey are unique compared to the first three
field surveys and are presented in detail later im this report.

Videc Recording smd Decumentation of Work Practices

Work practices of the dentists, oral surgeons, and their assistants were
recorded {Eanasonic“ video Recorder/Player Model #2, NV 5400 Camera; Panasonic
Videc Camera, Model #3245) on videotapes taken during surgery to discern
potential anesthetic gas exposure during surpgery. Using these videotapes,
moticn and time wmeasurement techniques were used to catalog the work elements
during the first two surveys. By rumning the videcotapes at normal speed and
"stop actiom,” the work elements which might Increase or decrease the exposure
to anesthetic gas were analyzed and documented., These were selected for
detailed analysis,

The real-time N,0 concentration data were later synchronized with the
videotapes to corfirm observation of expvsure sources and to compare N0
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concentrations at various stages during the surpical operation. A schematic
diagram of the data acquisition system used to Integrate data from real-time
sappling with work practices is shown in Figure 7,

Parameters of the dental and surgical procedures documented for analysis for
2ach operation included the following: (1) the N,0 concentrations for
per=onal and real-time sampling; (2) the amount of N,0 administered; (3) the
lenpgth of time the N,0 was administered; (4) the length of operatiom; (3) the
real-time N0 concentrations by feam and type of surgery: (6) the length of
time of aperation; (7) the average concentration when N,0 pas was delivered;
and {8) the average concentration after the N,0 was turned off.

Infrared Thermography

Several of the operations were monitored with the use of an infrared scanner
in order to wvisualize the N,0 escaping from the patient's breathing zonz
during surgery. This information is especially important in determiniog
strategies for N,0 control around the mask and from the patient’s mouth. The
Infrared Thermopraphy System consisted of an AGA Thermovision® 782 infrared
scanner and display unit, A short wave band (2-5.6 microns) or a long wave
band (£-12 microns) scanner was utilized depending on the absorption
characteristics of the emission material,

4 black screen approximately 14 inches high and 20 inches lang was used as an
infrared radiatar, A constant temperature (120°F), evenly distributed across
the face of the black screen, was maintained by a heated and stirred water
bath attached to the screen.

During dental surgery, the path of N,0 was observed by locating the patient
and dentlst between the radiating surface (black screen) and the infrared
scarmer. Ag the N,G passed between the radiating surface and the scanmer, a
portion of the radiated infrared energy was absorbed and a lower temperature
was detected by the scarmer. This provided an image of the emission showing
the source and path of N,;0.

A Digital Infrared System for Coloration (DISCON™) was utilized to provide a
color image, The DISCON converted the normal infrared gray scale to a
ten-step color scale. The DISCON output, either color or gray scale, was
transmitted to a red green blue (RGB) moniter for real-time viawing. The
output can alse be simultaneously transmitted to a Video Cassette Recorder
(VCR)} for real-time recording and later aznalysis. Figure 8 shows the
configuration of the infrared thermography components used to detect and
visualize N,0 in dental operatories.

The videotaped imape of the N,0 was recorded on a VCR and later overlaid
through a process of "wvideasplitting® onte a corner of the wisual image VCE.
This technigque of overlaying the infrared image of the N,0 emissions with the
visual video image of the dental operatiens allowed NIOSH researchers to
determine four expesure factors: (1) the source and path of uncontrolled K,0
during dental surgery; {(2) whether the source and path of N,0 was a function
of nasal mask leakage ar patient mouth breathing; {3) whether the probe of the
monitor was properly located to detect the N,0 emissions from the patient ar
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Data acquisition system for evaluating N,0 exposure in dental

offices.

Fipure 7.
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Figure 8. Basic configuration of the infrared thermography system to detect
N.,D in dental cperataries,
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the mask; and, (4) the proximity of N,0 emissions to the breathing zones of
dental personmel performing the operatiomns,

EVALUATION OF VENTILATION SYSTEMS
General Ventilation

For the first two surveys, general ventilation measurements were taken for the
dental operatories and surgical suites, and in locatijons where general area
sampling was conducted, ineluding dental labeoratories, consultation room,
equipmnent areas, dark rooms, sterilizer room, waiting room, offices, and
hallways. The Kurz Medel No. 480", TSI Model No. 1650, and Alnor Bzlometer™
were used to measure zir velecity and average flow rate, respectiwvely.

Smoke tubes were used to observe airflow patterns in each room, especially
near the ceiling, in an attempt to determine if there was adequate mixing of
alr throughout the room. Measurements were taken to determine if the supply
register louvers directed most of the air toward the ceiling or if there was
good mixing of the air around the demntal chair. Building blueprints were used
for locating air duct locations and comparing flow rates with building desipgn
specifications,
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For the third survey, the volumetric airflow rate of each supply and exhaust
vent opening in the dental clinfe building wing was measured. Fresh alr
supply rates could not be measured because the fresh air supply inlet for the
building was not accessible. Howewver, the air sampling results showed that
the concentration of N,0 was below detectable limits in the return air stream,

SCAVENGING SYSTEM VENTILATTON
Survey #1: Pediatrie Dental Facility

The exhaust ventilation for the Fraser-Harlake Seavenging System was checked
by using an airflow meter (Kurz}. The exhaust rates of the scavenging system
were measured ueing an in-line connection of the airflow meter between the
scavenging mask and the exhaust port of the vacuum hose. The measurement was
made after one of the dental operatioms in which the vacuum rate was adjusted
by the dental assistants. The assistant adjusted the flow by listening to the
noise level of airflow through the line; there was no flowmeter in the exhaust
line to provide a visual indication of the flow rate.

Survey #2: 0Oral Surgiecal Clinie

For the Porter-Brown scavenging system, the exhaust vacuum rates were set to
45 lpm at the beginning of oral surgery by mapually adjusting a valve
commected to the scavenpging vacuum line. A flow rate of 45 lpm was Vvisually
verified with & flowmeter (Dwyer™). At the conclusion of each operation Np0
was turned off and the vacuum system valve was manually closed to stop the
airflow throuagh the wvarmm Tine,

Survey #3: Dental Clinic for che Developmentslly Disabled

The Porter-brown scavenging system was used for all dental precedures. As Ip
the second survey, the exhaust flow rate was set at approximately 45 lpn. The
flow rate was measured using a by-pass flowmeter supplied with the seavenging
system. The scavenging system was manually turned on and off with N,G.

Local (Auxiliary) Exhaust Systems

The use of auxiliary exhaust systems were alsc evaluated at the Dental ¢linic
for the Developmentelly Disabled. Of the 20 dental hypiene procedures (teath
cleaning) observed, six of the procedures were performed without the auxiliary
exhaust ventilation system to provide a baseline assessment of exposure.

Three auxiliary local exhaust configurations were used during the remaining 14
procedures. Pogitions for each exhaust systen are schematically shown in
Figure 9.

The three local exhaust wventilation systems had in common a hood opening
located near the patlient’s mouth, a conveying duct, and a 10-inch centrifugal
fan with a one horsepower motor located putside the building. The length of
the conveying duct, suspended from the ceiling, was approximately 25 feet from
the hood opening to the fan.
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Figure 9. Locations of auxiliary exhaust systems for control of N,0 mouth
breathing.
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System 1 employed an auxiljary exhaust system and a commercially-available
hood and duct (Nederman Mint Extractor, Westland, MI) typically used in bench
top industrial operations (e.g., soldering). This unit consisted of a
2.5-Inch diameter nonflanged circular hood and 4 feet of Z2.5-inch inner
diameter duct equipped with three adjustable pivot points. Using the pivot
adjustments, the hood opening was positioned over each patient’s chest, 6 to &
inches from each patient’'s mouth. The hood and pivet point system was
connected to the exhaust fan using a 3-inch diamecer flexible duct.

The system 2 auxiliary exhaust system consisted of only the 3-inch diameter
flexible duct used in system 1. The end of the duct served as a plain,
nonflanged hood opening. The hood opening was placed directly above the mose
and mouth area and was located 6 to 10 inches away from each patient's mouth,
Removal of the Mini Extractor resulted in an increased exhaust airflow rate.

System 3 was similar to system 2 except that the 3-inch duct was replaced by a
6—inch duct. This system had the hood opening positioned above the chest in
front of the nose and mouth area, about 12 inches away from each patient’s
mouth.
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Airflow measurements for each zystem were conducted with a pitot tube to
determine the flow rate, and a swinglng vane velometer (Alnor Instrument
Company, Niles, IL} or hot-wire velometer (T8I, Inc, St. Paul, MN) measured
the velocity at the face of the hood opening.

Because noise levels from the auxlllary ventilation were considered a
potential problem by dental personnel, sound pressure levels were measured for
local exhaust ventilation syatems 2, 3, and ¢ (without the local exhaust
ventilation systems). The sound presgsure levels were measured near the dental
hvgienist’s ear with a GenRad Type I Precision Sound Level Meter (General
Radio, Concord, MA) calibrated before and after each use.

Survey #4: Pediatric Dental Facility

The fourth survey was performed at the same facility as the first survey,
Shortly afrer the completion of the first NIOSH survey, scavenging systems
were changed from the Fraser-Harlake to the Porter-Brown scavenging system.
Scavenging system exhaust vacumm rates were set to approximately 45 lpm by
manually adjusting a wvalve comnected to the scavenging vacuum line.

N, exposures were measured in a dental operatory using two Mirans
continuously sampling the breathing zones of the dentist and the denral
assistant., One end of plastic tubing with an inside diameter of % inch was
fastened to the lapels of the dental persomnel and run EFirst to a diaphragm
pump and then to a Miran. The flow rates of the sampled air were each about
17 lpm. Analog data produced by these Mirans were digitized and stored in
data loggers (Rustrak Ranger I, Model RR 400, Rustrak Instyuments, East
Greenwich, Rhode TIsland), then downloaded to a portable personal computer for
later analysis. Also, a video recording was made of most of the aperations in
which N,0 exposure concentrations were measuraed. The video was synchrenized
with the digitized N,0 concentratiom data for later uses in carrelating events
in the dental operation with features of the concentration data.

The speed of unconfined air was measured with a digital air velocity meter
{(Kurz Model 1440, Kurz Instruments, Incorporated, Monterey, California) .-
Ambient air velocities in the laboratory were adjusted te the same range as
thase found in the operatory based upon air velocity meter measurements.

Laboratory Test Facilities and Instrumentation

Some of the gqualitative laboratory testing of the wvarious scavenging mask
configarations and supplementary controls was performed using a head form
connected to a breathing machine and a smoke generator (Figure 10). The
breathing machine was driven by a variable speed motor. The travel of the
piston alse was adjustable. For the data reported here, the breathing machine
was set for 15 cycles/minmute and the volume per inhalation (exhalation) was
580 cm’, which corresponds to a resting breathing rate.®” The smoke was
delivered by tubing to the head form, either o its nose, or to its mouth, or
to both the mouth and the nose. Qualitative evaluation of the performance of
the equipment under test was based on visual observations of smoke capture,
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Breathing simuiator for qualitative mask leakage testing.

Figure 10.
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Quartitative laboratory testing of the leakage of N,0 administration or
control equipment was accomplished using the breathing machine and head form
Just described along with additional apparatus, as shown in Figure 11.
Infrared Analyzer 1 measured the concentration e of tracer gas, either N0 ar
sul fur hexafluorida (SF;), ralesacad into the heood whers the head form and
equipment to be tested was located., The flow racte, f, of tracer gas entering
the hood was determined by the following equatjon, using the tracer gas
concentration, ¢, and measurements of the flow rate, G, of air entering the
hood and traveling down the duct;

el volume tracer ga8) » o | vo.lm_ne gasy _ g volumsa t.r&cer]
volime gag time time

where;
¢ was measured with Infrered Analyzer 1,
Q was measured in the duct with a Pitot tube, and
f was the flow rate of tracer gas in the duct, and thus, the flow rate of
tracetr gas mot captured by the eguipment under tesc,

Infrared Analyzer 2 allewed measurement of the sun of the flow rates of tracer
gas captured by the test equipment and by the hood, and provided assurance
that tracer gas was not escaping from the test system, (The infrared
analyzers used in both the laboratory and the field work were Miran® Models 1A
ar 1B2¥, The Foxboro Company, East Bridgewater, Massachusetts.) Each Miran
sampled gas in the exhaust duct using a diaphragm punp, operating at 17 lpm,
located betwaen the duct and the Miran. The gas was extracted fror the
exhaust duct through %-inch diameter stainless steel tubes inserted into the
duct aleng lts diameter. Gas enrered the steel tubes through five :/16-inch
dianeter holes drilled in the tube and spaced evenly across the duct diameter,
The exhaust of Infrared Analyzer™ 1 was routed back inte the exhaust duct
between Lhe iwo Mivan inlets., The exhaust of Infrared Analyzer 2 was routed
back te the exhaust duct downstream of its inlet, preventing Cracer gas
contamination of the laboratory, which supplied fresh air for the hood. The
breathing gas was suppiied from a regulated compressed gas tank of air,
containing ? percent of elther N0 or SF.. The breathing bag was a plasric
bag of about l-liter capacity. The braathling gas was maintained at a flow
ratce of 10.27 lpm. The flew rates ef the breathing gas and the vacuun pump
were measured with calibrated rotameters. The flow rate to the exhaust blower
was determined by two 10-point pitot tube traverses nmade at right angles in
the l4a-ipnch dlameter exhaust duct, The flow characterlstics of the breathing
gachine were determined using a Hedistoer Pulmonary Function Analyzer (Model M-
010, Cybermedie, Boulder, Colorade).

Calibration of the Mirans was accomplished with the arrangement of Figure 11.
By turning off the scavenging exhaust flow, a known ceoncentration of tracer
gas was generated at the sampling points of barh Mirans, szince the tracer gas
and hoed flow rates were measured. This measured concentration agreed well
with the concentration defermined using the internal library of the 1EB2.

In conjunction with the above quantitative leakage measurement system, an
infrared (IR) imaging system (Thermovision 782, AGEMA Infrared Systems,
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CQuantitative mask leakage test facilirty.

Figure 11.
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Secaucus, New Jersey) was used to locate leaks in the systems under test, The
sourca of IR energy was a square pancl 18 inches on a side maintained at

120 *F. The apparatus under test was placed between the IR camera and the hot
panel. Leaking tracer gas, such ags N,0 or 53F;, strongly shsorbed the IR
radiation generated by the panel and was visible gs a flowing plume or cloud
on the IR system’s video display.

Laboratory Test Procedures and Observaticns

Control of mouth emissions was the original goal of this effort. The approach
to this goal involved the following three steps: First, a series of local
exhanst systems was constructed and tested gqualitatively in the laboratory.
Systems were tested using the apparatus shown in Figure 10 to determine which
ones had the basic capability to capture giouth emissions., If this test was
suecessful, the gecond step was to obrain ap initial opinion of the svystem's
acceptabilicy in the dental practice, The director of the dental operatoery in
which the field evaluation was accomplished provided this opinion. The third
step was a field evaluation in the operatory of those systems which had
acceptably wetl the cricerly of the first Lwo steps. With controls in place
and operating, personal sampling of the dentist and dental assistant was
carried out for N,0 exposure concentrations,

Because nome of the controls passed the third step, tests were run to confirm
the original assumption that the primary source of N,0 exposure was mouth
emissions. The apparatus of Figure 1l was developed to measure mask leakage.
Alsa, an infrared imaging system was used te locate the leaks. Observations
made with these two methods showed that the mask leaked when placed on the
head form in what seemed to be a typical manner. Because the breathing bag
was generally passive in the operatery, indicative of an Lll-fitting mask, it
was concludsd that the mask leaked in most eoperations, as it had in the
laboratory, and was the usual cause of overexposure to N,0.

Improved control of mask leakage was attempted in several ways and l=akape was
again measured using the apparatus of Figure 11. First, increased flow of the
mask's scavenger system was evaluated. When the scavenging flow was increased
trom 4 lpm teo 62 lpm, the mask leakage decreased te 17 percent of its
original value (Figure 12). The N0 concentration inside the mask was reduced
to 73 percent of its original value as a result of this increase in scavenging
Flow (Figure 13}. A second approach was to improve the mask f£ir. The data
appears in Figure 14, Although a good-fitting mask (achieved by increasing
the pressure of the mask’s inner shell against the head form) resulted in low
leakage, it may not be possible to assuve this quality of fit under conditions
cemmponly eceutrring in the operatory. The third approach was the addition of a
slotted skirt te the outer shell of the mask type used in the operatory
(construction diagrammed in Figure 1%). The leakage was decreased
censidersbly as shown in Figure 16 and was not dependent for success on the
mask’s quality of fit. A mask recently introduced on the market also was
evaluated for compsrative purposes, using the laboratory leak testing
faciliries (data shown in Figure 17). The three macgk systems will bz referred
to as the following:
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Figure 12, Standard and skirted mask laboratory leakage rates as a functior
of scavenging flow rate,
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Figure 13, Relative concentration of breathing gas inside the mask as a

fupctionr of scavenging flow rate as measured in the laboratory for
the stardard and skirted masks.
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Figure 14. Laboratory leakage ratea of an unmodified mask with tight and
loose fits, nose and mouth breathing, and with a supplementary
chin exhaust located on the hsad form’s chin or neck.
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DPiapram of skirted mask,

Figure 15,
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Figure 16. Laboratory leaskage rates of a skirted mask with tight and loose
fits, nose and mouth breathing, and with a supplementary chin
exhaust located on the head form's chin oxr neck.
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Flgure 17. Laboratory leakage rates of the Medicvent mask with tight and
loose fics, nose and mouth breathing, and with a supplementary
chin exhaust located on the head form’s chin or neck.
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. Unmodified mask -- The latest available Porter-Brown mask (Porter
Instrument Compauy, Hatfield, Pemnnsylvania) as reveived From che
marmfacturer.

. Skirted mask —— A Porter-Brown mask with a flexible, sletted skir:s added
to the outer shell.

. Modicvent™ mask —- A4 recently-introduced mask {Model Ancvac-D, HMedicvent
AB, Umed, Sweden) which includes a supplementary chin-meounted exhaust and
has a much higher scavenging flew than the Porter-Brown masks.

LEAK TESTING SCAVENGING EQUIPHENT

N,0 delivery equipment wasz vwigunlly inspected to ensura that all components
were in place and that there were no obvious tears, cracks, zsbrasions, or worn
spots. If there was an obvious problem with the general repair or maiantenance
of the equipment, compoenents nf the equipnent was either repzired ar replared
before leak testing was conducted.

During the first survey, leak testing of the low-pressure components of the
anesthesia scavenging machine was performed as fellows: the breathing bag was
ramoved from the anesthesia machine, overfilled with oxygen, and the end of
the bag was corked. It was submperged in water, and the bapg was inspected and
palpated to reveal leakapge in the form of air bubbles. The hoses from the
anesthesia machine were removed and a blood pressure gauge was adapted to fit
the hogses. The hosez were segled at one end and supplied with air to a
pressure of 30 millimeters mercury {mm Hg). They were then submerged under
water to reveal air bubble leskage, Leaks in high~pressure connection ports
ware checked by swabbing scap solucion areund the N,0 and 0, valve connections
and checking for scsp bubbles.

On the second survey, leak testing of low-pressure components of the
anesthesia secavenging machine was determined by using the Miran 1A. After the
end of the scavenging mask hose was blocked with the thumb, the gas delivery
system was turned on. A tygon tube connected to the Niran 14 was used as a
"sniffer" to detect N,;0 leaks, tracing the system from rthe wall connection te
the mask commection. For high-pressure leaks, soap solution was applied with
a swab applicator around the valve comnections of N0 supply cylinders to
check for leaks appearing in the form of soap bubbles. The supply cylinders
af N,0 and oxygen were located in a different section of the bullding, and the
gases were supplied to the operatories through gas line comnections.

On the third survey, leak testing of the scavenging system, all high-pressure
connections, and the tank and manifold connections was performed with a Miran
1B (Foxbore Inscruments}. The gas delivery and scavenging systems atr each
chair were turned on, and the scavenging mask was placed in a gas-tight bag,
which was then sealed. The N0 and 0, valves were then opened to a flow rate
of abouc 3 Ipm. The probe for the Miran 1B was direcied at various high- and
low-pressure fittings along the gas delivery system to identify leaks. 1If a
reproducible marked inerease in N,0 readings (10 ppm or more) was cbserved, a
stguificant leak was considered co have been ifdeotified. For leaks ifdentified
in rhis manner, a soap solutien was applied to locate the specific leak point.
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The supply cylinders of N,0 and oxygen were located in a closet in the
building wing and were found to be free of leaks.

DATA ANALYSIS

Statistical analysis of the personal sampling results Zor the dentists, their
assistants, dental operatlon, and type of dental operation was conducted for
the first two surveys. For the third survey, statistical analysis was
conducted for personal sampling results of the dental personnel and for
samples taken in the immediate area of the patient's mouth and local exhaust
ventilation,

because N,0 concentrations In other parts of the dental suite were low
relative to the dental operatories, no statistical tests were performed to
compare sampling from these areas with personal sampling results.

Survey #1: Pediatric Dental Facility

Paired Student’s t-rests were used to compare differences in N30
cancentrations between the personal breathing zone results of the dentists and
dental assistants. Paired Student's t-tests were also performed for the
real-time prebe results and compared to the personal breathing zone results of
the dentists, as well as the dental assistants.%

dnalysis of variance {ANOVA) was used to compare N,0 real-time sampling
results for the three operatory configurations {(i.e., open bay, =semi-open, and
closed room) that were evaluated,®®

Mallews €, statistic (which measures the sum of squared biases plus the
squared randem errers in Y at all N data points) was used to evaluate the
contribution of the wark acrivity as a function of changes 1in N0
concentration for the dental operations mentioned above. Separate models were
tested for each dental operation. The Statistical Analysis System ({S5AS)
Procedure, General Linear Model SAS PROC GIM, was used for this analysis.99

Survey #Z2: OGral Surgical Clinic

Data representing operations on nine patients by four dental teams were
analyzed te determine how dental practices and other factors, such as probe
distance and changes in N,0 delivery concentration, affected N,0 exposure
concentrations.

1f dental practices can affect the amount of escaped N,0, then one might
expect to find similar effects resulting from different dental teams. The
type of dental operation might alse be a factor. Analysis of team and
operation differences included the mean level (on a log scale) of N0
concentration as the dependent variable. Several limitations of using the
logarithm mean level of N,0 oeccurred: (1) positive concentratiens of N0 were
observed aven before the source was turned on (apparencly because residual N,0
was trapped in cthe anesthesia delivery system from a previous operation); (2)
in some of the data sets, positive N,0 concentrations occurred befere and at
the same time the anesthetic gas was turned on; and (3) there was lag of one
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or more time Iintervals before positive concentrations were observed after the
spurce was turned on,

Survey #3: Demntal Clinic for the Developmentally Disabled

For statistical analysis, the concentration of NyO in the dental hygienist’s
breathing zone, dental assistant's breathing zone, and area samples were
congidered the dependent varlsbles. Local exhaust ventilation (with flow
rates of O, 1, 2, snd 3), patient compliance (compliant as opposed to
struggling and in need of physical restraint}, and flow rate of delivered N,0
were the independent variables.®® Dental hygienist was not used as an
independent wariable because 18 of 20 procedures were conducted by the same
dental hyglenisc. The SAS™ general linear model (GLM) was used to analyue
these relationships among dependent and independent variables. The geometric
means and the upper 25 percent confidence limits of the dependent variables
were evaluated against the NIOSH BREL of 25 ppm to determine {f the N,0
concentrations in the dental operatory were statistically less than the NIOSH
REL.

limitations in Data Analysis

For each of the dental surperies analyzed in the firsrt and second studies,
there were mere than 150 possible modeis to compare. In all cases, the "hest®
of these differed from the next 20 to 30 models only slightly, hased on the
Mallows C, statistie, the multiple correlation, the adjusted malriple
correlation, and the site selection ecriteria. The selacted model is at best
anly suggestive of impertant relationships. The selected model for N,0
axposnre sources exhibited some limitations: (1) In some cases, N0 from
previous operations appeared to remain in the N,0 delivery system, even after
operations where oxygen flushing was performed. It is hypothesized that most
of the N,0 was in the resetrvoir bag, and/or leaking from the flowmeter. As a
next operation began, this residual N,0 was breathed in and exhaled by the
patient, thus making it harder te analyze the data for work practice effects.
(2) There was some confounding among the variables which might have biurred
the effects and produced rumerical problems for least squares statistical
analysis. (3) The sequence of occurrence effects factors were ignored. For
example, the presence ar absence of mouth breathing might have affected the
manner in which other factors affected N,0 concentration. (4) Sample size
differences and differences in patient behavior before and after the patient
was fully sedated might have affacted results.

RESULTS
SURVEY #1: PEDIATRIC DENTIAL FACILITY
Ay Sampling

Eersonal—-

N,0 concentrations within the breathing zones of the dentist and dental
assistant ranged from 25 ppm to 950 ppm. The average real-time concentration
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was 350 ppm. Seven lpm of gas were supplied to the patient’s nasal mask
throughout the operation. N,0 was supplied at 2.5 lpm while oxygen was
supplied at 4.5 1pm. The mixture provided the patient with 40 percent N,J and
60 percent oxygen. During the 45-minute cperation, the dentist "stepped-down"
the N,0 from 40 to 20 to 10 to O percent. The gemeral area concentration of
N0 subsequently decreased from over 200 ppm to 35 ppr 53 minutes after the
cperation began.

By combining direct N,0 readings with the videotape analysis, several work
elementas appeared to Influence the concentration of N,G during the course of
surgery. These elementcs included use of the seavenpging unic, the repulation
of N,0 concentration administered by the dentist, the use of a rubber dam
(i.e., a 6- x 6-inch rubber sheet inserted inte the patient’s mouth to isolate
the operative site from oral £luwids), and the dental assistant’s use of the
saliva aspirator. Also, the patient contributed to the exposure of the
dentist and dental assistant through exhalation of N,0 by talking, coughing,
and yawning. A profile of the real-time sampling results for N,0 and dental
work activities during the operation is shown in Figure 18.

Figure 13. Changes in N,0 concentration during dentistry.
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The initial survey showed an average real-time H,0 concentration of 352 ppm
during dental surgery. It also showed that the use of this scavenging system
did not guarantee a reduction to safe working concentrations of N,0. A NIOSH
HETA study of the same faciliiy in 1979 showed N.0 concentrations for persaonal
exposure ranged from 90 te 3500 ppm without a scavenging system.® While the
scavenging system reduced N,0 to lower concentrations, scavenging alone did
not decrease it below the NIOSH REL, Work practlices, including the regulation
of N0 by the dentist during the course of the operation, lecation of the
dentist’s breathing zone to the patient's mouth, and use of a dental sallva
aspirator and air jet appeared to influence the amount of N,0 eXpesure dental
personnel received while working.

Information pathered on the Fraser-Harlake scavenging system during follow-up
surveys at the pediatric dental facility showed that N,0 exposures were
generally lower in the open bay (Operatory 3-6) and semi-open bay (Operatory
3-9), compared to the closed room. Table 4 shows the N,0 concentrations for
the dentists and dental assistants by operation and dental operatory. The
mean N,0 concentration for dentists was 487 + 366 ppm; for dental assistants,

Table 4. Supmary of personal and real-time sampling data {(ppm) for
,0 during administration in a pedlatric operatory,

Personal Real-time Monitoring "
Dental
Procedure ID Reon Dentist | Assis't AVG STD NAX MIN
T ——— —_—  ———

Preliminary 3-8 * * 372 149 934 78
survey '
Dental Op. 1 1-11 233 120 206 125 511 1
Dental Op. 2 3-11 >1G00 4312 270 478 >1000 0 "
Dental Op. 3 3-11 204 142 502 503 =1.0600 0 H
Dental Op. 4 3-b6A 133 B3 295 141 638 2
Dental Op. 5 3-94 47 44 282 150 623 2
Dental Op. 6 3-9A 290 47 416 202 713 41
Dental Op. 7 3-BA 160 113 473 305 >1000 0
Dental Op. 8 3-6C ok g {(473) (609) (>1000) {4
Dental Op. 9 3-60C *k % 469 484 >1000 48

NOTES: * = No personal sampling data was collected during the preliminary
survey.
**k = No personal sampling data was collected. () = Nitrous Oxide
turned on prier to begimning of sampling perioed.
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the mean N,0 exposure was 150 + 144 ppm. Paired Student’s T-rests comparing
H,0 personal sample results of dentists with dental assistants showed a
slgnificant difference (¥=6, p<.03). This difference may have resulted from a
closer working proximity for the dentist than the dental assistant te the
patient’'s mouth, If there is N,0 leakage from the mask, and/or froem patient
mouth breathling, differences in exposure between the dentists and dental
agsistants may be significantly higher,

General Area--—

General area sampling (Table 5) concentrations abeve the NIOSH REL were
observed at the entry to the operatory in five of the six dental operatery
truns and in three of the six main hallway runs. ,0 was not detected at the
appointment desk on any of the sampling runs,

infrared thermography.

Table 5. Summary of general area data (ppm) for N0 during
administration.
e — —
INIT ROOM ROOM ROOM | HALL | APPT
CONG SUFPLY EXHAUST DXJOR DESK
Preliminary Survey 25 # # ## # #
Dental Op. 1 i 0 3l it Ht 0o |
Dental Op. 2 2 0 114 8 29 0
Dental Op. 3 0 0 33 38 10 0
Dental Op. 4 4 30 114 95 0 0
l Dental Op. 5 2 36 49 45 64 0
Dental Qp. 6 45 50 73 48 50 1
Dental Op. 7 4 4 B 14 6 0
ﬂ Dental Op. 8 it I I HRE HHH
Dental Op. 9 42 HHHE HHt e P HHH I
e
NOTE: # = No general area sampling data was collected during the
preliminary survey.
s## = Not all peneral sampling data was collected for dental
operation number 1.
#H+ = These runs were conducted to assess the feasibilitcy of

The closed, semi-open, and open bay operatories were evaluated for N,0
concentrations in the dental operatory room air exhaust and the hallway.
Dental operatory room-supplied air did not show recirculation in the closed
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bay but did show N,0 recirculatien from the wall air handling unic. The open
bay, also showed recirculation of N0 from the wall units, but at a much lower
concentration. These lower concentrations for the open bay may have bheen a
function of several variables: (1) the larger area, allowing for more
dilution of the N,0; (2) the amount of K,0 administered over time; (3} the
dental procedure underway; and (4) the proximity of the air-conditioning wall
units to open bay chairs {approximately 10 feet further away than the
semi-open bay). The air conditionipg wall units provided N0 recirculation
hecause these units ceould not be adjusted to entrain outside alr alene. The
wall unit dampers wete usually closed to outside air during winter te conserve
energy.

Real-Time—-

Real-time sampling results for the dental operations ranged from an average
N.O concentration of 206 ppm in Operating Room 3-11 {Dentzl Operation #l) to
770 ppm in the same vperating room (Dental Operation #2) . N,0 roncentrations
exceeded 1000 ppm in five of the ten operations monitored. The real-time
sampling and personal sampling results follewed the same N,0 concentration
patterns. Analysis of variance showed the means of the three sampled areas
(i.e., closed, semi-open, and open bay dental operatories) were not
significantly different (p<.70). This may be attributed, in part, to the low
sample size and high variance in N,0 concentrations within the different
operatories,

There was no significant difference (p <.68) between the means of the average
real-time sampling results (442 ppm) and the average dentists' personal
breathing zone results (487 ppm). However, the difference between the average
real-time sampling results and the average breathing zone N,0 concentrations
among dental assistants (150 ppm) was significant (p <.0l4). The real-time
probe was positioned to maximize capture of N,0 emission from the patients.
Because the dentist worked in close praximity to the patient’s mouth, it may
be assumed that the real-time sampling results were more representative of the
dentist’s exposure than that of the dental assistant’s,

Infrared Thermography

An infrared =canning camera was used during Dental Operations #8 and #9 to
detarmine scavenging mask leakage during administration of N,0. This
technique was very useful in determining N;0 leakage around the patient’s
mask. The scanner helped determine that the Fraser-Harlake mask did net fit
the patient's face properly, allowing N,0 leakage between the mask and face
seal. Furthermore, it was observed that sudden increases in N,0 axposures
observed from the rezl-time data could be Lraced to the patient’'s expired
breath; when the patient inhaled, the N0 concentrations decreased. This
indicated that patient breathing was an important facter in exposure to the
dentlst and dental assistant.
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Ventilation
Genersl--

The data from the Filrst survey shewed Chat there were differences in the
measured flow rstes for specified ventilation systems in the bullding. These
differences were accounted far in pasrt by acceptable variations from design
flows and by changes in the ventilation systems from the original blueprint
specifications.

The periphery of the building was fitted with wall, recirculation heating/air
conditioning units manufactured by the Singer Company that met American
Refrigeration Institute (ARI) Standard 310-70 specifications for function
£A15. These speclfications called for a cooling blower capacity of 290 cubic
feet per minute (¢fm) with 70 c¢fm (24 percent) maximum fresh air. The heating
mode specification called fer 280/60 cfm, which is a 21 percent maximum fresh
air. The airflow from two Sinpger units was measured during the April 1988
survey by traverse velocity measurements, using the TSI hot-wire anemometer.
The calculated flow rates were 287 cfm and 320 cfm, which is reasonably close
ta the specification of 290 cfm.

Scavenging System——

The effectiveness of the capture capacity of the anesthetic gas from the
scavenging nasal mask is evaluated by Inserting & flowmeter in the exhaust
ports of the scavenging mask tubing, following a dental cperatien. The
exhaust valve for the scavenging mask is adjusted at the beginning ef am
operation by the dental assistart and net changed throughout the surgery. For
Dental Operation #7, the flewmeter showed the exhaust te be approximately 7 to
12 lpm, The scavenging system ventilation was not evaluated uncil cthis
operation, It had been assumed that the scavenging system flow rates were
automatically set at 45 lpm, the effective scavenging amount when 4 to 7 lpm
of N,0 and O, are mived and delivered to the patient,!®

Wark Practices and Changes in N,0 Exposure

Far the first seven rums, dental surgical activities were ohserved to
determine if they influenced changes in N,0 concentrations. When the dentist
performed certain tasks, significant N,0 concentration changes cccurred: (1)
turning the N,0 gas on: (2) adjusting the concentration during the operation;
and {3) turning the N,0 gss off. Up to 98 percent of the changes in N,Q
exposure could be accounted for, based on the concentration in the gas
delivered to the patient. Other dental work (i.e., the use of the rubber dam,
the aspirator, and the air and water syringes) appeared to have little, if
any, influence on changes in N,;0 concentration to which the dentist and dental
assistant were exposed.

This pattermn was also evident in the initial preliminary survey. Figure 18
shows that certain work activities were observed to change W,0 concentrations.
However, the changes were small and transient compared to the overall N0
concentration, as shown by the area beneath the graph curve. This was more
apparent when the dentist changed the amount of N 0 administered to the
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patient from 40 to 20 to 10 percent, demonstrating that the primary source of
exposurs for this scavenging system was from N,0 delivery concentration and
the low scavenging system exhaust rate.

SURVEY #2: ORAL SURGICAL GLINIC

Personal and general area air sampling was conduzted far N,D exposure in nine
dental operatiens using four surgical teams. All nperations were perfarmed
using the Porter-Brown scavenging system. The duration of oral surgery for
these operations ranged from 32 to 100 minutes. The percentage of time N,0
was on during surgery ratiged from 18 to 88 percent. The concentration of N,0
administered to the patients ranged from 20 to 50 percemt. It was constant
throughout five of the procedures, but was varied for the others. 7The NU
supplied to the patient ranged from 2 to 3 lpm, while oxypgen was supplied at 3
te 4 lpm. The total ancsthetic mixture airflow administered to the patient
for all operations was between 5 to é lpm. The oral surgery included (1) six
oparations for the remcval of one wisdom tooth; (2) one for two wisdom teeth:
(3) one tooth implant: and (4} one removal of mandibular canine., There were
seven female patients and two male patients ranging in age from 20 to 75
Years.

ALr Swumpliog
Payrgonal -~

Table & shows the N,0 TWA concentrations during sdministrarion for personal
and real-time samples for the nine operacions. These concentraticns ranged
from less than the detection limit (<1 ppm} o 277 ppm for the oral surgeons
and from less than the detectiom limit to 7?7 ppm for the surgical assistants.
The owverall average N;G concentration for the oral surgeons in the operations
measured was 101 (+ 117) ppm, and for the surgicel assistants 27 (+ 31) ppm.
Concentratioos for the oral surgeons averaged from less than 1 ppm for team #3
te 757 (+ ?%) ppm for team #1. Far the surgical assistant, concentrations
varied from less thar 1 ppm for team #3 to 77 ppm for team #4. The greatest
difference in N,0 concentrations between the oral surgeons and surgical
assistants on the same team was found in team #1; the difference in
eoncentration was approximately an order of magnitude higher (236 versus

20 ppm). N0 concentrations shown by personal sampling did not appear to be
related to the type of operation performed.

The average N0 concentrations for the oral surgeons was 131 (1£129) ppm for
Room 1218 and 25 (£78) ppm for Room D1222; for rha surgical assistants it was
24 {431) ppm and 34 (343) ppm, respectively.

General Area——

Resulcs of the general area sampling data are shown in Tabie 7, There was na
detectable initial N0 concentrations in eight of nine surperies monitored by
NIOSH personncl. The ninth surgery showed 13 ppm prior ta the N0 heing
turned on. It is suspected that there was some resgsiduai N,0 from the previocus
dental surgery where this anesthetie had been administered approximately
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Table 7. Results for general area sampling (ppm N,0).

—— -

OPERATION | INIT | RoOM ROOM | RoOM APPT |

No. CONC | SUPPLY | EXHAUST | DOOR | HALL | DESK |
Oper. #l <1 <1 i <1 <1 <l
Oper. #2 <l <1 3 <1 <1 <1
Oper. #3 <l <l <1 <1 <l <l
Oper. #4 <l <1 <1 <l <1 <1
Oper. #5 <1 < 1 <t <1 <1
Opat. %6 <1 <1 27 3 <1 <l
Oper. #7 <1 <1 <1 <1 <1 <1
Oper. #8 <1 <1 8 2 <1 <1
{pet. #9 13 <1 ____32 J{_ i} <1

30 minures earlier. No N;0 wes detected in the surgical suite supply air,
Indicating that cthe N,0 was net being entrained into the building’s supply
ventilation or that the recirculation of this air diluted concentrations below
detectable 1limics. The N,0 concentrations in the surglical sulte exhaust alr
was low (range was <1 to 27 ppm) for all NIOSH-monitered surgeries. The N0
concentrations were low at the door of each suite, ranging from <1 to & ppm,
indicating that the rooms were not under positive pressure. This was
confirmed by using smoke from smoke tubes to observe the direction of airflow.
No detectable concentrations of N0 were found in the hallway or at the
appeintment desk indicating that the N,0 was not migrating from the operating
suites or belng ventilated into the hallway from other sources.

Real-Time——

The average N,0 concentrations durlng administration for the nine operations
ranged from 11 ppm te 173 ppm (Table 8). The overall mean N,0 concentration
was 89 (x66 ppm). When the values were sveraged over the duration of the
surgical operation ({.e., from when the cperation started to whan 1t ended),
the values were slightly less: 6 to 137 ppm (Table B). Peak N0
concentrations of over 10G0 ppm were detected in two of nine operatioms. N0
concentrations decreased after the gas was turned off and averapged ? to 61 ppm
from the time the gas was turned off until surgery was completed. Table 8
shows the real-time N,0 concentrations by team, time, and type of operation.
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Infrared Thermography

As in the first survey, infrared thermography was used to observe N0
emissions from mask leakage and patient meuth breathing.

Ventilation

Ceneral —-

The general air supply system consisted of several units. Blowers
marmfactiured hy RBarry Rloawer, Model Na . 220, 90 BBC (DWDI), were us=zed tao
supply air to several reoms, including the two sampled by NIOSH researchers.
Of the total specified capacity of 8645 c¢fm, 690 cfm was dedicated ta rooms
1218 and 1222. The air was exhausted from these and other rooms by two
exhaust systems manufactured by Barry Blower, Modal 7600 AF (DWDI). The
specified capacity of each of these two systems was 54,200 cfm; 500 cfm was
dedicated to room D1218 and 190 cfm to rcom D1222.

At the time of the NIOSH survey, the ventilation rates were within 24 te 60
percer:t in room DIZ218& [operations l-7), and 12 to 18 percent of the original
ventilation specifications in room D1222 {operations §-9). DBoth rooms were
under negative pressure; the total volume of air exhausted was 60 to 180 cfm
greater than the supply volume. The remaining make-up air entered through the
open door to each room.

The dimensions of Room D1218 were 17.2 by 17.2 by 9,9 feet high, a total
vwolume of 2,300 cubic feet. The ventilation to the room was through one
supply duct located in the ceiling and an open deor and exhausted through five
ceiling registers. The total air exhausted from this room provided an average
of ten air changes per hour.

The dimensions of Room D1222 were 11.3 by 10 by 8.5 feet high, a tetal velume
of 960 cubic feet. The ventilazion t¢ the room was supplied through one
ceiling duct and an open door and sxhausted through three ceiling registers.
The total air exhausted from this toem provided an average of 14 air changes
per hour.

Smoke tube observations indicated that the supply air te each room remained
near the ceiling and did not Teadily mix with the air already presenL in tle
rest of the room. Additional ohservations showed tha: the supply register
louvers directed mest of the air toward the ceiling and did not mix well with
the #ir around the oral surgical chair.

Scavenging System——

& flowvmeter was conmected into the scavenging exhaust system and flow rates
were adjusted to approximately 45 lpm after the gas was turned om for both
oral surgecrics monitored, The exhaust rate for the scavenging umit was
generally adjusted at the beginning of the cperation by a member of the
surgical tear and not changed throughout the surgery. In one cperation, the
scavenging system exhaust was not turnad on until a faw minutes after the gas
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was turned on (Operation #2). This potential problem could have been
eliminated by an interlock between the gas delivery and exrxhaust syatem.

Work Practices and Changes in N,0 Exposure
Surpgical Teams and Type of Uperation--

Four surgical teams and four types of operations were performed. The work
practice analysis result: based on team, tima, and type of operation are shown
in Table 8. Statistical analysis showed that of the differences (four teams
and four operations) examined, enly one was sipnificant (team #3, Operation #5
at 113 ppm versus team #3, Operation #7 at 17 ppm; p<.05%).

Personal Versus Real-Time Sampling Data——

Generally, average real-time samplling N0 concentrations (#9 ppm} were more
closely correleted with the oral surgeon's personal gampling results (101 ppm}
than with the surgical assistant’s results (27 ppm). However, the range of
exposure for the personal sampling results was greater (<1 to 277 ppm)
compared to the real-time results (11 to 173 ppm}. There was no significant
difference hetween the real-time and personal sampling results.

Oral Surgeon and Surgical Assistant—-

Statistical comparisons between the oral surgeon and the surgical assistant
for seven palired samples for Operations #1, #2, #3, #6, #7, #8, and #3 showed
the mean for the oral surgeon was 100 (#118), and 26 (+31) gpm for the
surgical assistant. The median was 45 for the oral surgeon and 16 for the
surgical assistant. The paired two-tailed T-test did not show significant
differences between the twe means (p=.142). While the exposure of the oral
surgeon tended to be higher in ¥,0 concentration cempared to the surgleal
assistant, there was a large varlation between operations for the surgeen {<1
to 277 ppm); the varistion for the surglecal assistant was much lower, ranging
from <1 to 77 ppw.

Orel Sutrgeon and Real-Time--

The oral surgeon and real-time N,0 concentrations for the seven paired samples
were 89 (4114) and %4 (+62) ppm for real-time, respectively. The medians were
26 ppm for the oral surgeon and 98 ppm for the real-time messurements. The
paired two-tailed T-test with 7 degrees of freedom did not show significant
differences between the two means (p=.370). The oral surgeon showed more
variability between operations with a range of <1 ve 277 ppn, compared to the
reai~time range from 11 to 173 ppr. The difference in results may be related
to the cleoser proximity of the oral surgeon’s breathing zone, to the patient’s
breathing zone compared to the real-time sampling probe placement. One oral
surgeon showed higher N,0 values {Operations #1 and #2), compared to the other
surgeons. This surgeon’s concentrations were an order of magnitude higher
when compared to his surgical assistant (256 +29 versus 1B +3 ppm). As in the
first study, the results consistently showed that real-time N,0 results more
closely reflected those of the oral surgeon than the assistant.
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Surgical Assistant and Real-Time--

The surgical assistant and real-time N,0 concentrations for sevem paired
samples were 26 (131) and 96 (+110), respectively. The median for the
surgical assistant was 3l ppm and 67 ppm for the real-time measurements. The
saired two-tailed T-test showed significant differences {(p=.034) between the
mean concentrations for the surgical assistant and the real-time sampling
results. The surgical assistant showed less variability between operations
with a range from <l to 77 ppm, compared to the real-time range of 11 teo

i73 ppm.

Summary of Work Practices and Changes in N,D

Analysis of variance was used to examine team differences overall for N0
concentration when the N,0 was on, off, and for both periods combined during
surgery. The results suggest that team differences, if amy, were too small to
be detected; statistical significanee was p< 0.35. Neone of the pairwise
differences among teams was large enough for statistical significance, even
when each was treated as a planmed comparisomn.

Analysis of differences among types of dental surgery was performed by
analysis of variance, ignoring possilble differences associated with dental
teams. Differences associated with type of dental surgery were too small to
be detected with these data; significance level was p< 0.5.

The mean N,O councentrations, as a function of oral surgery type, ranged from
17 ppre (+ 74 ppm), for tooth implantation (operation #7}, to 110 ppm (& 7a
ppm), for removal of the mandibular canine tooth (operation #1). None of the
pairwise differences among surgery types were large enough for statistical
significance, even when each was treated as a planned comparison.

Analysis was performed to relate the N,0 concentration as a function of N0
percentage administered and for changes in the N,0 sampling probe distance
durlng oral surgery. This analysis indicated that when N0 percentage
administered increased, the waste N,0 concentratiens tended to increase. The
slope of the regression for waste N,0 was based on the concentration of N,0
administered. Thus, when N,0 was administered at 33 percent, the waste N,0
concentration was estimated tao be 81 ppm. This N0 concentration was based on
the slope estimate, the intercept estimate, and a real-time sampling probe
distance of 11 inches. TUnder these conditions, when the concentration of N0
was administered at 40 percent, the waste N,0 concentration was estimated to
be 95 ppm; at 50 percent administration, the waste concentration was estimated
toe be 106 ppm.

As the probe distance from the patient’s mouth was increased, there was
generally a decrease in waste N,0 concentration. The slope of the regression
of waste N,0 concentrations, based on the distance from the patient’s mouth
and the probe used to measure waste N,0, was estimated to be -7 ppm (+18).
Therefore, the ceoncentration of waste N,0 was estimated to decrease by
approximately 7 ppm for every inch the sampling probe was moved away.
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Statistical analysis was also performed to determine if there were significant
differences in N,0 concentrations between the two surgical suites. Analysis
vas performed when the gas was on, off, and overall. While the observed N,0
concentrations were lower in Room D1222 (i.e., 34 + 41 ppm for the gas an},
versus Room D1218 {i.e., 105 + 21 ppm for the gaz on), the differences were
not statistically signifiecant.

SURVEY #3: DENTAL CLINIC FOR THE DEVELGPMENTALLY DISARLED

H,0 concentrations were monitored for 20 operaticns at this dental clinie.

all operations were performed using the Porter-Brown Scavenging System, Six
of the operations were monitored for N,0 using only the scavenging system; the
remaining operations were monltored using three different configurations of
auxiliary exhaust ventilation in conjunction with the scavenging system.

Alr Sampling
Perszonal ——

The first seven dental procedures somewhat confounded the effectiveness of the
scavenging and auxiliary exhaust ventilation controls due to procedural errors
or leaks in the N,0 delivery system. During the first procedure, the
seavenging system was inadvertentiy not turned on until the last three minutes
of the procedure. This resulted in the highest observed exposure {1,800 ppm
for the dentzl hygienist). This procedure was not included in the data
analysis. 1In addition, 2l1 the N0 delivery systems within the clinic were
found to have leaks. A leak free N,0 delivery system was not obtained and
used until after the seventh procedure. While the amount of N,0 leaking from
each delivery system was not quantified, it was determined by the on-site
researchers that the leaks Found duxring precedures 2 through 6 were not
significant enough to exclude data from analysis,

Table 9 is a summary of the N, cancentration measurements for the 20
aperations monitored. Excluding the first operation, N,0 concentrations for
dental hygienists ranged from 4 to 205 ppm, with an average concentration of
55 £ 57 ppm. For the dental assistants, the range was 1 to 163 ppm, with an
average concentration of 40 + 55 ppm.

When the scavenging system was used without auxiliary ventilation, the dental
hygienists’ N,0 concentrations ranged from 33 to 205 ppm, with an average 80 +
70 ppm. For the dental assistant the range was 16 to 147 ppm, with an average
concentration of 55 + 62 ppm.

When the small hood was used (2.5" heood, 160 cfm flow rate, and a capture
distance of 6 te 8%) the dental hygienists’ N.,0 concentration ranged from 48
to l46 ppm, (average of 112 + 35 ppm). For the dental assistants, the range
was 46 to 121, with an average concentratiom of 110 % 39 ppm.

The second system (3.0Q" heood, 250 cfm flow rate, and 6 to 10" capture
distance), showed that dental hygienlst’s N, concentration ranged from ! te
48 ppm, with an average cencentratlion of 22 + 19 ppm. The dental assistant’s
range was 2 to &5 ppm, with an average concentration of 15 + 24 ppm.
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Tahle 9, Breathing zone, immediate area, and real-time, N,0 concentration,
based on amxiliary ventilatisn system used.

" N;0 Concentration (ppm)
'| obser- Hygienist | Assistant xeal- N0 tlow
vatlon | Duration | breathing breathing time Tent rate Other
Ho. {min) zone zone Area tntegrated | apstem {lpm) notwsh
1 24 1809 aq 440 727 0? 3 a,b
2 24 146 46 123 255 1 3 h
3 28 55 - 117 129 0 2 b
b4 25 142 163 106 125 1 4 h,e
5 29 48 121 47 52 1 2 b
H 6 30 205 147 357 380 ¢ 3 b
7 24 432 65 102 111 2 5 b
3 25 13 9 a 14 2 3 c
3 16 3 5 & 5 2 3
10 36 A ——— B g 2 3
11 22 6l 16 119 146 0 4-3 c,d
.12 26 47 24 142 129 0 2
13 2% 7 8 7 14 2 4-5 c,.d
14 12 33 KX | 190 144 0 4
15 23 18 —- b -— 2 3
16 25 48 3 9 -— 2 4
17 27 2 2 -— -— 2 3
18 24 14 1 3 -— 3 3
19 24 118 2 B ——= 3 3
<0 23 4 2 3 - 3 3 ﬂ
I;———-—-——==_===_ U e —

--— Not measured, 1. system 0 (i.e., pne auxiliary exhaust system) * a,
Scavenger was off during procedure; b, leak detected In N,0 delivery system;
¢, patient was not compliant; d, N0 adjusted during procedure.

For system 3 (6.0" hood, 630 cfm flow rate, and 12" capture distance), the N,C
concentration for the dental hyglenlsts ranged from 4 to 118 ppm, with an
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average of 43 + 63 ppn. For the dental assistants, the range was 1 to 2 ppm,
with an average of 2 + 0.6 ppn.

Real-Time--

When the real-time N,0 concentrations were mathematically integrated over the
duration that N0 was in use, they were not significantly diffarent from the
TWA background samples collected In the same location.

Exeluding the first operation, owerall N,0 concentrations for the immediate
drea sampling ranged from 5 to 380 ppm, with an average concentration of 117 +
1G8 ppm, When the results wers analyzed for the secavenging system with

auxiliary ventilation, the N,0 concentrations ranged from 129 to 380 ppm, with
an average of 188 ¢ 109 ppm.

When the auxiliary exhaust systems were used in conjunction with the
scavenging systems, the first system reduced N0 concentrations, which ranged
from 52 to 255 ppm, with an average of 144 + 103 ppm. The second system
reduced N,0 concentrations and ranged from 5 te 111 ppm, with an average
concentration of 31 + 45 ppn. HNo real-time data were collected for the third
auxiliary exhaust system.

The overall area results were higher than the petrsonal sampling results
because the sampling probe was located more in-line with the patient's mouth.
The average concentration for the i8 pracedures was 73 (+ 93) ppm. The
average concentration without auxiliary exhaust was 185 (+ 101). When
auxiliary exhaust ventilation systems were used, the immediate area results
were 92 (+ 40) ppm for the first system, 21 (+ 36} ppm for the second system,
and 4 (+ 2) ppm for the third system,

Ventilation
General —-—

Seven registers supplied a tetal of 1000 cfm of air to the dental clinic,
which had a volume of approximatelw 12 800 cubic feet. Variatiens in N0
concentration have been shown, with higher cencentrations closer to the N0
delivery system. Even in operating theaters wich high general dilution
vencilation capacity, the effect of dilutjon ventilation on occupational
exposure was limited,'®

Scavenging System (Auxiliary) Exhaust--
Table 10 lists hood diameters, scund pressure levels, airflow rates, hood
capture distance range from each patient’s mouth, and calculated capture

velocities for each system. The local exhaust eapture velocity was calculated
from the following equation:??®
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= 4]

Equation (2}

(10x3+2)
where: V = The capture velocity in feet per minute.
Q = The airflew rate in cubic feet per minute.
X = The distance in feet, from the hood te the point of capture.
A = The hoad opening area in square feet,
Table 10. Local exhaust system messurements,
i
Capture
Syste Vent Hood Noise Flow Capture Velocity
m Ho. Diameter Level ta Distance V {fpm)
{(in} (dBA} Q (efm) Range X (in,)
0 No Hood 56 NA NA NA
1 2.5 - 16D 6-3 64-36
2 3.0 67 250 5-10 96-35
3 6.0 81 630 12 62

HA Not applicable -

Hot measured

Although nitrous oxlde flow rate and patient compliance may have an effect on
N,0 exposure, they had no significant effect on breathing zone or immediate
work area N,0 comcentrations for the data reported in this study. HNitrous
oxide was below the detectable limit for 211 of the general area samples
collected just cutside the operatory.

Performance of Auxiliary System Tvpe—-—

Because the varisances gbout the mean N;0 concentrations were not homogeneous
and increased with the mean, the N;0 concentration values were log transformed
before the comparisons among systems were made. Mean values were calculatad
using all the data except procedure one. Means and upper and lower 95 percent
confidence limits are presented in Figure 19.

With system O, observed exposure results were within the range observed by
other researchers who used similar contrels.® Sysctem 1 results were mot
significantly different from system 0 results. The analysis showed with

95 percent confidence that the dental hygienist's and dental assistant's N,0
exposuras and the immediate srea N,0 concentrations were greater than the
NIOSH REL for these systems.
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Figure 19, Summary of N0 exposure and immediate area concentration data when
using three different auxiliary exhaust systems,

ONitrous Oxide {(ppm)

LI LLLALL

100

LLLALALLLED

10

T T TTTITT

1El & Dental Hyglentst
-l X Dental Assistant
l; U Immediate Area
0.1 1 1 1 1 i 1 | I 1 1
No Vent 2,6-inch Vent 3-inch Vent 6-inch Vent

Type of Ventilation

The dental assistant’s exposures and the concentratien of N;0 in the immediate
area were less than the NIDSH REL whemn using systems 7 ar 3. The upper

95 percent confidence 1imit of the exposure (Y ppm) when using system 3 was
less than the NIGSH REL. For system 2, the upper 95 percent confidence limit
(27 ppm) was just above the NIOSH REL. Compared to the exposures without a
local exhaust system, the assistant’s exposures were signifirantly reducad
wvhen using either system 2 (p=0.05) or 3 (p=C.001).

Systen 2 was capable of eontrolling the exposures of the dental hygienist to
concentrations below 60 ppm, based on the upper 95 percent confidence limit,
System 3 was capable of controlling the cexposures of the dental hygienist to
balow 135 ppm.

For the dental hygicniat, the upper %5 perecent confidenes limits of the
exposures when using exhaust systems 2 (70 ppm) and 3 {170 ppm} were greater
than the NIOSH REL. Compared to the exposure without a local exhaust system,
the hygienist's eaposures were reduced when using systems 2 (p=0.07} or 3
{p—0.160), but net significantly {e—0.05). It is important to note that onc
dental procedure {(procedure 1%, Li8 ppm) contributed substantially to the
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hygienist’'s mean exposure when using system 3 and was well above the other
values, 4 and 14 ppm.

When the analysis was done using only data collected after the N,0 leaks in
the delivery system were corrected, the following changes were ohtained: (1)
the dental assistant’s upper 95 percent confidence limit of the exposures was
less than the NIDSH REL for both system 2 (2.2 ppm) and 3 (3.3 ppm); and (2}
compared to the exposures without lecal exhaust, the assistant’s exposures
were signifiecantly reduced for beth system 2 (p=0.0031) and 3 (p=0.002).

Work Practices and Changes In N,0 Exposure

The real-time data allewed qualitative correlation between several work
practices and changes in N,0 concentration: (1) a marked reduction in N,0 was
observad when the scavenging system was turned on for the last three minutes
of the first procedure; (2) the initial peak concentration of over 400 ppm
during the first three minutes of procedure 7 quickly subsided when the
exhaust system 2 was moved Inte its proper position, from 24 inches away to
six to ten inches from each patient’s mouth (for all other observations, each
exhaust system was properly located prior to N0 delivery); and (3} the N0
concentration rapidly changed when the N,0 wag turned on or off for most of
the procedures. In Figure 20, the real-time N0 concentration for observarion
7 is pleotted as a function of time. The real-time N,0 concentration data were
averaged at 30-second intervals and plotted.

SURVEY #4: PEDIATRIC DENTAL FACILITY
Alr Sampling

The cooperative operatory was lecated in the pediatric ward of a teaching
hospital. The patients ranged in apge from 8 to 17 years. The umnmodified
masks were used to administer N,0. N,0 concentration measurements made In the
operatory were carried out in October and Novembar of 1992, and were intended
to demonstrate the effectiveness and acceptability of two new controls
designed primarily te capture emissions frem the patient’s mouth. The first,
an auxiliary exhaust {Figure 21}, rested on the patient’s chest., It was
connected to a blower with flexible and rigid sections of vacuum cleaner hose
and pipe. The blower was exhausted outside the building in which the
operatory was located. The exhaust flow was 100 c¢fm. The air wvelocity in the
operatory measured at the dentist's breathing zone with an air velocity meter
ranged from 25 to 40 fpm. It is apparent from Figure 22, which shows the
concentration of N,0 in the dentist’s breathing zone versus time for ome
operatior, that the auwxiliary exhaust was not effective in controlling the
dentist’s exposure while the high-speed drill was on. In the time interval
from appreximately 1400 to 3000 seconds, with the drill off, it appears that
the auxilisry exhaust did have a significant effect on the dentist’s exposure.
The auxiliary exhaust nermally was placed cn the patient’s chest so that the
inlet te the tubing was 2 to 6 inches from the patient’s chin. In this
locarion, it occasionally interfered with the dentist’s technique and was,
therefore, lowered for sufficient access to the patient, but also was judged
by several dentists nmot to be a significant interference problem,
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Figure 20. Real-time N,0 concentration changes from auxiliarv exhaust
ventilation for Survey #3.
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Figure 21. Diagram of laboratory designed auxiliary exhaust used in Survey
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Figure 22. N0 concentratior versus time in the dentist's breathing zcne with

various combinations af the auxiliary and mouth~-prop exhausts in

place.
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The second control tested in the operatory was based upon a modificatien of a
mouth-prop commonly used in dental operations {Flgure 23). The modification
invelved cutting off the two portions of the mouth-prop norwmally loecated in
the patient’s mouth and welding in their place two pieces of %-inch diameter
stainless steel tubing, bent to the shape of the removed pleces and connected
outside the mouth by plastic tubing to a wacuum source. The total airflow
rate through the mouth-prop control was 80 lpm. In this mamner, mouth
emissions could be captured at their source. Again, as seen in Figure 10, the
operation of the mouth-prop ezhaust was ineffective in controlling the
dentist's exposure during high-speed drilling.

The high-speed drill {Midwest Model 8000™, Gendex Midwest, Des Plaines,
Illinois) used in this operation was driven by an air turbire. It consumed
2411 1pm of air, as measured In a free-rumming state In situ with a bubble
meter. The drill had a supply port for the compressed alr and an exhaust port
for the air exiting the turbine, However, a jet of air escaped from both ends
of the bearing in the drill head, apparently an unavoidable feature of the
drill design.

A series of eight operations was observed in the dental operatory, using
different combinations of the mouth-prop and chest-mounted controls. Average
exposure data for the dentist and the assistant are given in Fipgure 24 for
these operations. Although two operations showed control of the dentisc’s
exposure to below or near the NIOSH REL, there was very little correlation
between the activity of the control and the resulting exposure corcentrations.
Turning a centrel on or off during an operation generally produced no
ocbservable change in exXposure concentrations, as showr In Figure 22.

The scavenging flow rate of the masks was measured 1n the operatory for each
of the flow contrellers. Originally, seven of the eight contrellers, when set
as directed by the manufacturer, actually produced a scavenging flow rate
below the recommended minimum of 40 lpm. When informed of the prcblem, the
manufacturer replaced all eight of the original units, which also flowed less
than 40 lpm. A third set of flow controllers supplied by the manufacturer all
flowed at least 40 lpm, with an average of 41.3 lpm. N,0 exposure data
reported here were obtained with the original set of flow controllers ik
operation. However, several subsequent measurements of N,0 exposure
concentrations showed no noticeable improvement in exposures when the
scavenging flow rates were set to 40 to 45 lpm.

Ventilation -- Laboratory Experimentation
Scavenging System (Auxiliary} Exhaust—-

Observations of the mouth-prep and the auxiliary exhaust leakage were made
using the apparatus of Figure 10. Amhient air velocity in the vicinity of the
head form ranged from 20 to 50 fpm as measured with an air velecity meter.
Little or no smoke was observed escaping when these controls were in place and
while the head form was simulating mouth breathing. When the operatory data
indicated that these controls were ineffective In contrelling N,0 exposures,
leakage from the masks was suspected and tested using the apparatus of Figure
11. Results are shown in Figure 14. The mask as supplied by the manufacturer
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Figure 23. Mouth-prop exhaust.
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Figure 24, Dentist's and assistant's breathing zone concentrations of N,0
averaged over the procedure.
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{Portar-Brown) typically lLeaked considcrably when placed on the head form with
average care. Observations of the leakage with the IR imaging system showed
that during exhalation, a jet of gas escaped from gaps between the mask and
the head form, When the breathing machine was nat operating, the mask did not
leak. By increasing the scavenging flow rate, the leakage was reduced, but
noc eliminaced (Flgure 12), In Figure 13, the relative concentration of the
anesthetic gas in the mask is shown for various scavenging flow rates, The
fit of the magsks was improved and the leakage reduced by exerting more
pressure on the mask, which foreed it inte firmer contact with the head form
(see Figure 14). A good-fitting, low-leakage mask resulted in an active
breathing bag, whereas a poor-fitting mask resulted in a largely passive
breathing bag. Also, an improvement to the standsrd Porter-Brown mask was
made by adding a flexible skirt with slits in it to the outer shell of the
mask {Figure 15). The leakage rate of the mask with the added skirt was low
and did not depend upon the gquality of fit to the head form (data shown in
Figure 16). Finally, leakage measurements were made using the Medievent mask,
which includes a chin-mounted exhaust as a supplementary coatrel for N,0
ewxissions. Leakage data obtained with this and other combinations eof controls
are shown in Figures 14, 16, and 17. The scavenging flow rate for the
Hedicvent mask was 250 Ipm. Tts supplementary chin exhaust also flowed at
250 lpm,

DISCUSSICH

Analgesia machines for dentistry are designed to deliver up to 70 percent
(700,000 ppm) N,0 to a patient during dental surgery., The machine restricts
bhigher concentrations of N0 from being administered to protect the patient
from hypoxia. In most cases, patients receive between 30 to 50 percent N,0
during surgery. The amounc of time N,0 is administered to che patient depends
on the dentist’'s judgment of parient needs and the complexity of the surgery.
The most common toute of N,0 delivery and exhaust is through a nasal
scavenging mask attached to the patient. While performing dental surpgery, a
dentist’s breathing zone Is within 8 to 15 inches of the patient’s mouth.
Evernn when there is room ventilatiom, the anesthesia equipment is in good
repair, and dental personnel know how to operate the scavenging equipment
properly, N0 concentrations for the dentiats can range from less than ?5 ppm
to well over 1000 ppm. As these studies have shown, the difference in
exposure depends on the concentration of N,0 administered to the patient, the
length of time N,0 is administered, the working distance of the dentist to the
patient, the scavenging system exhaust rate, the fit of the mask on the
patient, patient compliance, patiert mouth breathing, and auxiliary local
exhaust rate and hood location. Limiting N,0 concentrationa, as well as the
langth of time N0 is administered to the patient, iz a prudent work practice
the dentist can use te contrel expesure. However, the most reliable and
effective method is through engineering controls.

One of the most effeccive and efficient means of contrelling N,0 concentration
is by operating = scavengiag system at the proper exhaust rate. A scavenging
system exhaust rate of approximately 45 lpm has been recommended as the
optimum rate to keep N0 concentrations low. Exhaust rates greater than 45
lpm have not been shown te significantly reduce N0 concentrations. In
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addition, the increased air flowing through the mask causes higher noise
levels and is distracting to the dentist. Conversely, exhaust rates
substantially less than 45 lpm result in higher N,0 concentrations to dental
personnel (Flgure 4). Data analyzed by RIOSH researchers from 300 dental
operatories located in the state of Wisconsin confirm these principles.

SCAVENGING SYSTEM CONTROLS

When secavenging system controls were used, NIOSH researchers found that
personal N,0 exposures for primary operators {i.e., dentistsa, ecral surgeons,
and dental hygienists, respectively} exceeded the NIGSH REL in 100 percent of
all operations on the first survey, in 30 percent on the second survey, and in
30 percent on the third survey., Owver the three surveys, it was determined
that scavenglng systems, when properly used and maintained, can effectively
reduee and control N,0 in a dental work enviromment. Each survey provided
infarmation about the performance of existing N,0 controls, and ways
additional controls could further reduce exposure. The findings of this
research confirm many of the recommendations presented in the NIOSH Technical
Repext entirled "Gontrol of Occupatlonal Exposure to N,0 ir the Dental
Operatory" (page 37).1% In this report, the contrpl measures included the
following: using nasal scavenging equipment, ventipg waste N,0 outside the
building, minimizing conversation with the patient, testing the anesthesia
equipment for leakage, performing preventive maintenance, employing air sweep
fans when N,0 concentrations are not achieved by the abosve measures, having an
N,0 air monitoring program, selecting analgesia and scavenging equipment, and
obtaining documentaticn from equipment suppliers on patient safety and ways to
effectively minimize X,0 exposure among dental personnel.l®

An important element missing from this list is the need for proper ventilation
and flow rate monitoring. Although the effectiveness of reducing N,0 when the
scavenging system ventilation rate 1is set to approximately 45 lpm is mentioned
elsewhere in the report, It was not pressnted in the recommendations section.
The omission of the proper scavenging flow rate mopnitoring devices undermined
the effectiveness of the scavenging systams when in use.

The three surveys performed by NIOSH resszarchers confirmed that many of these
recommendations, correctly implemented, effeetively reduce N0 eXposure.
Training dental pcoraomnel to operatc and maintain the M0 deliwvery and
scavenging equipment maximizes the effectiveness of cther controls. When a
system is not properly maintained, other controls are less effective. In each
survey, dental personrel indicated to NIOSH researchers that they did not
fully understand the operation and limitatiems of the scavenging system
because instructions were lacking. The instructions had been passed to them
by "word-of-mouth,"” or, in some cases, the manufacturer's instructions were
lost or had been discarded or were not easy to understand. Eduecation,
training, and maintenance issues were problematic in all three surveys,

SURVEY #1: PEDTATRIC DENTAL FACILITY

All ten operations exceeded the NIOSH REL for the dentists and the dental
assistants. The major scurce of N,0 exposure was caused by inadequate
scavenging system ventilation. The principal reasans for the poer scavenging
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system ventilation were the following: (1) the lack of knmowledge among dental
personnel at this facility about the importance of proper exhaust rates; (2)
the absence of a flowmeter to indicate scavenging exhaust rates; and (3) the
excessive noise generated from air rushing through the scavenging mask when
operaled above approximaiely 19 lpm.

Performance of Fraser-Harlake Scavenging System

NIOSH rescarchers discowvered that the exhaust wvalve setting, subjectively
adjusted te approximately 7 to 12 lpm by the dental assistant prier to
surgery, remsined at this rate until the dentist turned the N,0 off. The
exhaust valve is attached to a corrugated breathing hose approxinately 4 feet
from the scavenging mask. The dental assistant adjusted this valve by
listening for the "hissing" noise created by the exhaust air flowing through
the plastic dome of the scavenging nasal inhaler. As the vacuum rate was
increased, more air flowed through the restricted opening in the plastic dope
causing the rnoise level to increase. The desipgn of the mask exacerbated the
loudness of the nolse; therefore, the dental assistant decreased the
scavenging exhaust rate te reduce the noise level to a mipimum,

Gonttel of Airborne Exposures
Personal ——

N,0 concentrations exceeded the NTOSH REL for all denrists and real-trime
samples taker during the survey. Dentiscs had slightly higher exposures om
average compared to the real-tiwe sampling location (487 versus 442). The
difference was not significant. The higher exposure for the dentists may be
from their closer working proximity to the patient’'s breathing zone compared
to the location of the real-time prebe. The averaga eMpesura for dantal
assistants was 150 ppm. The difference between the average exposure for the
dentists and dental assistants was significant {(p < .0G3). The higher
exposures for the dentists are again attributed to the closer werking distance
to the patient’s scavenging mask and mouth (8 to 15 inches} as compared te the
working distance of the demntal assistants (13 to 30 inches}.

General Area—-

General area N,C concentrations were approximately an order of magnitude lower
than the personal sampling results (i.e., < 40 ppm). Results showed that lew
concentrations of N,0 were present in dental operating rooms prior to the
start of surgery in nine of ten operations monitered by NIGSH researchers.
This initiazl concentration was a result of residual N,0 from dental operations
which preceded the NIOSH monitored operation and poor general dilution
ventilaction. Overall, open and semi-open room architecture had lower average
N,0 concentrations (17 ppm) than closed room concentratiems (60 ppm). The
reason for Lhis differenve may be due fu dilution uwf the N,0 in the larger,
open tooms and by random alr cutrents caused by denral persennel walking in
the hallways adjacent tec the operatories. The closed room showed no
recirculation of N,0 through the general alr ventilation system. In &ddition,
ne N;0 was found at the appointment desk area.
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Work Practices

There were several work practice elements that were evaluated for changes in
N,O concentrations lncluding local anesthetic injection, instrumentation or
extraction of teeth, resteration of teeth, the use of an air aspirator, alr
and water syringes, and the use of rubber dems. However, because of the low
scavenging exhaust rates observed durlng dental surgery, the speciflc aspects
of work practices on changing N,0 concentrations were not significant for the
cperations monitored.

Further analysis showed that the most important predictive elements for N,O
concentration and changes in N,0 concentration eccurred when the dentist
turned N;0 on, when the dentist adjusted the N,0 concentration during surgery,
and when N;0 was turned off, '

Mask Leakage and Patient Actiwvities

The infrared scammer was used to determine N,0 leakage from the patient’s mask
and exposures originating from mouth breathing. Toward the end of the first
gurvey, NIOSH tYesearchers synchrenized the changes in N;C concentrations frem
the videctaped real-time data with Infrared scamning of N0 during patient
gsurgery. Thls technique showed when there was a mask leak or when the patient
was mouth breathing. Also, producing a videctape with an overlay of the
infrared thermography provided a training tocl for dental persennel to
visualize high eXpesure araas to be avelded,

Ventilation

General wventilatien measuraments were tsken in a ¢losed rogm, semi-open bay,
and open dental hay. The highest expesure to Ny0 ocecurred in the closed room.
This room was supplied with air from the building ventilation system. The
size of this room was relatively small, about 900 cubic feet. Measurements
showed 120 c¢fm supply air te this roam, providing eight air changes per hour.
The operatories in the larger open areas had single unit wzll-mounted zir
conditioners, but were without dedicated supply wventilatiorn. These open areas
had lower exposures. Since the closed room had the highest H,0
concentrations, it might have been that the release of N0 overvhelmed the
general ventilatien system. Because of the relatively high N,0
concantrations, purging this room with low velecity convection currents was
not adequate. Dilution ventilation and air pixing of polluted air can have
immediate benefits in many situations; heowever, it is not an effective method
of contrel since 1t can transport the anesthetic pgas to other areas,

SURVEY #2: ORAL SURGICAL CLINIC
Performance of Porter-Brown Scavenging System

Orverall, the waste Ny0 concentrations were low compared te the first survey
because of controlled administration of N0 to the patient, regulated and
monitored exhaust of waste N,0 through the scavenging system, good work
practices of the surgical team, and generally good maintenance of the
scavenging system. The only uncontrolled sources of exposure were mouth
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breathing by the patient, the occasional wmisaligmment of the nasal mask when
the patient’s head was moved during the surgical preocedure, and/or an
occasional ill-Fitting nasal cone. Poor room ventilation with regard to
general alr mixing was noted during the survey., The infrared ¢amera provided
additional confirmarion of poor room air mixing. This was visually documented
as the patients exhaled N,0, which tended to linger in the hreathing zone of
the oral surgeons and surgical assistant.

GContzol of Airborne Expusures
Personal --

N,0 concentrations eaxcesded the NIOSH BEL of 25 ppm during administratien in
four of the nine operations by oral surgecns and in twe of the nine operations
for the surgical assistants. Oral surgeons had an average of three times
higher N,0 sxposure {101 ppm) than surgical assistants (27 ppm). As in the
Firsc survey. this might have been attributed te the closer working proximity
of the oral surpeon to the patlent’'s breathing zone.

General wventilation alsoe appeared to be a factor as the randem lecal air
currents in both surgical suites slowly dissipated the waste gas from the
patient’s brearthing zones. Overall, the personal exposures were higher for
the surgical staff working clesest to the patient’'s breathing zone. However,
there were exceptions. For exanple, during three of the operations
(Operations #3, #8, and #9), the evaluated cral surgeon was left-handed and
warked on the patient's left side. His exposures were pgeneraily lower

{17 +24 ppm) than the surgical assistant's, who worked on the patient’s right
side (26 435 ppm). Initially, it was believed that air currents from the
ceiling suppiy ventilation may have channeled the air from the patient’s left
to right side, thus, exposing the surgical staff on the right side to more N.D
than the one on the left. However, detailed analysis of the infrared
videotapes showad that this surgeon tended to work in a more erect posture
over the patlent’'s mid-torso rather than above the patient’s mouth. This
differenca in lacation and posture appears to have cauvsed lower N0 exposures
for the surgeon than the surpical assistant, whose head was over the patient
and closer te the patient's breathing zone.

General Area--

Fifty-four TWA general area bag samples were collected. The majority of these
samples showed no detectable concentrations of N,0, and the remainder showed
concentrations close to or below 25 ppm. The initial N,0 cencentration in the
rooms showed no concentratlons in eight of nine surgeries monitored. There
was na N,0 detected in the surgical suite supply air, which indicated that N,D
was being meither entrained inte the building’s supply ventilation nor diluted
by recirculation of this air to concentraticns below detectable Zimits. The
N.G concentrzTflons were low ar the door of each sulte ranging from 0 to & ppm,
suggesting that the roops were not under positive pressure. HNo detectable
concentrations pf N,0 were found in the hallway or at the appointment desk,
indicating that the N,0 was not migrating from the operating suites or being
ventilated into the hallway from other sources.
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It appears that based on the general area sampling, N;0 did not readily
diffuse inte the air and that pockets of N0 could slowly migrate within the
surgical sulte, depending upon the direction of ventilation and random air
currents penerated by the wovement of persomnmel In the suite.

Work Practices

The specifie effacts of work practices on changing N,0 concentrations were not
apparent fFor most of the operations monlitored by the NIOSH researchers. There
were several work practice elements that were monitored, such as the time (in
minutes) of oral surgery, concentration of N0 administered to the patient,
changes in the concentration administered to the patient, use of surgical
tools, movement of the sampling probe during surgery, and type of surgical
operations (such as tooth drilling and teoth removal). Other aspects of the
surgery were also evaluated including patient talking, yawning, or meouth
breathing.

As in the first survey, the predictive elements for changes In N0
concentration were the following: (1) when the oral surgeon turned the N0
on; {2) when the oral surgeon adjusted the N,0 percentage during surgery; and,
{3) when the oral surgeon turned the N,0 off. Other predictors were patisnt
talking and/or patient mouth breathing, which was olserved on the infrared
camera. All patients were instructed prior te surgery to breathe through the
nogse, not the mouth. During Operation #4, the infrared camera showed that the
patient cooperated with the oral surpeon’s request untii he began to extract
the patient’s wisdom testh, Until this peint, very low concentrations of N0
were detected. However, when the surgeon started to extract the patient’'s
teeth, the patient began to mouth breathe. Higher N,0 concentraticns were
detected, not only by the infrared camera but alse by the Miran 1A, and
beginning to climb to peak exposures of over 300 ppa. The most interesting
aspect of this operation was that the significant concentrations of N0 ware
detected only after the gas was turned off by the oral surgeon, and the
patient having returned to normal breathing, become a secondary source of
waste N,0 to dental persemnmel. Even more interesting, the average N0
concentration during the time of administratien was 11 ppm for the real-time
gampling probe. However, after the N,0 was turned off, the average
concentration was &5 ppm. The time of administration was only 15.25 minutes,
but the time of H,0 detection lasted 55 minutes and exceeded 25 ppm Lor nearly
44 minutes. This information shows the importance of controlling patient
mouth breathing as a secondary source of N0 exposure to dental persomnel, and
the importance of good peneral ventilation in the operation,

Statistical analysis of differences in N,0 concentrations among the oral
surgical teams, type of surgeries, and rooms did not show statistically
gignificant differances, However, the range of N,0 concentrations showed that
there may have been differences between operations (i.e., the overall N,0
concentration for Operation #3 was 136 ppm, whereas it was only & ppm for
Operation #7). The reason statistically significant differences were not
found may have been dependent on two factors: (1) the wide variance in N,C
concentrations within and between operations; and (2) the relatively small
mmber of operations evaluzted for such differences. The variances in N0
concentrations was most likely caused by patient exhalation through the meuth.
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Further analysis showed kigh N,0 concentrations were caused by misdirection of
Fatient mouth breath: (1) air currents from the room randemly directed

d,0 inte the sampling probe; and (2) the patient’'s mouth was inadvertently
aligned by the oral surgeon to the sampling probe so that the patient exhaled
K0 direetly into the probe. This alignment was dependent on the oral
surgeon’s movement and c¢rientation of the patient’s head while performing

SUrgery.

Changes in N,0 concentrations also were observed when N,0 delivered to the
patient varied from 30 to 50 percent. Statistical modeling showed that, as
the concentration of N,0 increased by 10 percent, there was a 14 ppm lnctease
in waste N,0 concentrations. This modeling also showed that the measurement
af N,0 concentrations were a function of the probe distance, For every inch
the prebe distance was increased from the patient’'s mouth, there was a
decrease of 7 ppm in detected N0, These changes did mot appear to
significantly influence cverall N,0 concentrations for the real-time
monitoring.

Mask Leakage and Pstient Activities

The infrared scanning camera proved to be a valuable teol in determining N,0
leakage from rhe patient’'s mask and from patient mouth breathing. By
following the real-time data patterns, NIGSH researchers could discern when
there was a mask leak, when the patient was mouth breathing, or both. The
infrared camera was also useful in evaluating the direction and dispersion of
N0 after it was exhaled by the patient. The surgical team member with the
higher N0 exposure tended to be located closer to the patient’s breathing
zone. Typically, this was the oral surpgeor. However, as reported previcusly,
when the oral surgeon wotked farther fyom the patient’s breathing zone, the
detected N20 exposures were lower, an important fact, because emission
concentrations of N,0 may not have been less than in other operations.

Cne of the observations made by using the infrared scarning camera was that
N.0 does mot appear to disperse evenly when the patient breathes from the
mouth. The camera showed that when N0 is emitted from the patient's mouth,

it rises in a narrow plume. Depending on the work location of the surgeon and
his assistant, they may get a direct blast of this gas in their breathing
zanes, In addition, it was alsc determined that exposure can be dependent
upon random air currents of the room. Generally, the closer the oral surgeon
iz te the patient, the higher the exposure. The infrared scanner helped to
explain some of the varlations In the N,0 real-time data and to tie in
surgical work practices as a function of changes in N,0 expesure.

The location of the sampling probe can be very important with regard to
detecting waste N,¢. If the probe is placed toc far away from the patient’'s
breathing zone, the readings may be lower and not represent personal exposure.
If the probe is too close te the patient, it may get "spikes" of N0 from the
patient and show peak exposures over 1000 ppm. Statistical snalysis of N0
concentrations showed this teo he the case; as the real-time sampling probe was
moved farther from the patient, there was a tendency for the concentration to
cecrease.
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Because of the potential varisbility in collecting real-time N0 ssmples, the
usefulness of this technigque iz limlted with tregard to correlating surgieal
practiccs with cxposurc. If real-time sampling is conducted to correlate
surgical practices with exposure, then the probe should be attached to the
surgeon’s lapel near his breathing zone.

Yentilation

The scavenging mask air walve iz adjusted to provide approximately 45 lpm by a
member of the surgical team prior to beginning dental surgery. A flowmetsr,
which {s commected te an exhaust port leocated on the wall of cthe dental
opetratory, 1s used to ascertain the proper flow rate, The flowmeter can be
observed by a menber of the surglcal team at any time. The flowmeter used in
this study was supplied as part of the scavénging system and has convenient
markings to indicate the proper position far the flow ball to ohtain an
exhaust flow rate of approximately 45 lpm.

Modification of Porter-Brown Scavenging System to Improve Effectiveness

Several observations were made by NIOSH rescarchers with regard to the design
and performance of the Porter-Brown Scavenging System. It was recommended to
the mapufscturer that the mask could be physically streamlined to impreve the
fit to the patient’s nose and to be less obtrusive to the dentist while
working in the oral cavity. It was alsc recommended that the mask be made
mora pliable to reduce leakage around the nose. A further recommendation was
to include a flowmeter as part of the N,0 scavenging kit to assure proper
exhaust velocity. The marmfacturer of this equipmenc followed the
recomuendations, redesigned the mask, and developed a low cost flowmeter as
part of the scavenging system. This mask has been commerclally available
since late 1991 and is reperied ro perform better than rthe griginal Porter-
Brown Scavenging Mask.

SURVEY #3: DENTAL CLINIC FOR THE DEVELOPMENTALLY DISABLED
Performance of Porter-Brown Scavenging System with Local Exhaust
Perzonal--

As with the other surveys, leaks were deiected in the N,0 delivery system.
Howevey, the leaks were judged to be insignificant by the NIOSH research beanm
because of several factors: {1) the concentration of nitrous oxide declined
rapidly after each procedure; (2) there were no elevated concentrations of
nitrous oxide at the start of any of the 20 procedures monitored; (3) the
leaks could not be detected when the sampling probe of the leak detector
(Miran 1B) was moved 12 inches from the leaking source; and, (4) there were
not significant differences in any of the breathing zones or immedlate area
N,O concentrations for system O (i.e., nmo auxiliary ezhaust system) before and
after the N,0 leaks were corrected. All leaks were fixed after procedure 7.

When noe auxiliary ventilatlon was used in conjunction with the scavenging
system, the observed exposure results were within the range obsarved in
earlier surveys and by other researchers who used similar controls. System 1
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results were not significantly different from system 0O results; the dental
hygienist's and dental assistant’s N0 exposures were greater than the NIQSH
REL for system 1 (p < 0.053).

The analysis showed with 95 percent confidence that the dental assistant’s
exposures were less than the NIOSH REL when using systems I or 1, Although
the average N,0 concentration of the dental hygienist’'s sanples was reduced
when using either system 2 or 3, it was still greater than the NIOSH REL.
System 2 was capable of controlling the exposures of the dental hygienist to
concentrations below 60 ppm. System 3 was capable of controlling the
exposures of the dental hyglenist to below 135 ppm. During procedure 19, the
hygienist inadvertently partially blocked the local exhaust hood and placed
her breathing zone between the patlient and the hood. Although this act may
have caused of the high N,0 exposure fer this dental hygienist, it shows the
importance of hood positioning so that the contaminated air is not drawn
through the breathing zone of dental personnel. When procedure 19 is excluded
from the analysis, the average exposure for dental hygienists was controlled
to cencentrations below 44 ppm.

Real-Time—-

The real-time N,0 concentrations were mathematically integrated over the
duration that N,0 was in use. The real-time data allowed qualitatiwve
correlation between several work practices and changes in N;0 concentration:
{1) a marked reduction in N,0 was cbserved when the scavenging system was
turned on for the last three minutes of the first procedure; (2} the initial
peak concentration of over 400 ppr during the first three minutes of procedure
7 quickly subsided when the auxiliary exhaust system was moved into its proper
position, i.e., adjusted from 24 jinches to &6 to 10 inches froe the patient’s
mouth {for each of the other observations, the exhaust systems were properiy
locared prior to N0 delivery); and (3) the Ny0 concentration rapidly changed
when the N0 was turned on or off for most of the procedures.

Ventilation —— Auxiliary Exhaust

Due to the layout of the clinie (a common hall with minimal partitions between
chairs), coensiderable amounts of foot traffiec generated zir currents, which
may have decreased the collection efficiency of the ventilatjon system.
Results using the described systems might be more favorable in a smaller,
closed architectural setting where foot traffic and subsequent air disturbance
would be reduced. B5Such a dental clinic would be characterized as having
"still" air currents, the range of 50-1GQ feet per minute (fpm) is an
appropriate capture velocity ®® In the surveyed clinical setting, with
minimal partitions separating the chairs, the upper limit (100 fpm) of this
range would have been mare appropriate, but was not explored (e.g., "foot
traffic" can generate velocities up to 300 fpm).

Hollensten has shown that in operating cheaters, a 3-inch hood, local exhaust
system with a capacity of 100 cfm must be placed within 12 inches of the N,0
generation source. His work also showed the same hood with a capacity of

30 cfm could effectively eliminate N,0 if placed G-inches from the source. A4
similar dental operatory study showed that an optimal capacity for an
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auxiliary exhaust is about 120 cfm, is positioned 8-inches or less In front of
the patient, and can control expesures tao below 25 ppm.'™ In both of these
studies, the ncise of the exhaust systems were considered s nuisance.

The dental =ztaff indicated that the local exhaust hood poaitioned over cach
patient's chest, from 6-8 inches above each patient’s mouth {(systems | and €)
to 10 inches direetly above each patient's mouth {system 2) were impediments
to parformance, The local exhaust hoad piacement of 12 inches above and in
front of each patient’s mouth for system 3 was net as intrusive during the
proacedures. The dental =staff indicated that the naeise levels of zystems 2 and
3 interfered with communications between the staff members and betwzen the
staff and the patients.

SURVEY #&4: PEDIATRIC DENTAL FACILITY AND LABORATORY FINDINCS

As noted earlier, the high-speed drill produced two jets of air rhat escaped
from the head of the drill. These air jets could entrain F,0 emissicns from
the mouth or mask, cartying them inte the operatory away from patential
capture points and, possibly, directly inte the breathing zone of dental
personnel. It seemws likely that elimination of these lets fram the high-speed
drills would reduce N,0 emissions and consequent exposures to dental
personnel.

Figures l4, 16, and 17, show that the addition of a chin exhaust te the
unmodified mask snd to the skirted mask resulted in an increase in the
systems' leakage rates when the Ffit wes leoose, whereas the Medicveni mask
always performed better when the chin exhaust was added. It appears that
airflow associated with the chin exhaust pulled breathing gas ocut of the
loose-fitting masks that had relatively low scavenging flow rates, allowing
the ambient airflow to carry the gas away. The Medicvent mask, with a higher
scavenging rate, was less affccted by citermal airflews in its ability to
retain hreathing gas.

Figures 12 and 13 show that, although mask leakage could be reduced by
increasing the scavenging flow rate, the concentration of the breathing gas
(N,0) decreased if the rate at which breathing gas was supplied remained
constant. Thus, to maintain a sufficient concentration of anesthetic gas in
the patispnt’s breathing zone, additional gas would have to be supplied as the
scavenging rale Increased,

In order to evaluate the measured mask leakage rates, consider the following:
& constant expesure to a 25 ppm concentration of N,0 over a typical precedure
duration of 25 minutes would result in the same dose as exposure to a 50
percent concentratiorn over 0,075 zsecconds, The minimm <olume of the 50
percent mixture required for this exposure is 12.5 cm®, assuming the dentist
breathes at a rate of 10 lpm. The minimum constant wmask leakage rate that
would supply this amount of the 50 perecent mixture in 25 minutes is 0.5
em*/min, The significance is that a very small mask leakage rate has.the
potential to cause an overexposure to N,0. However, it seems unlikely that
such & minimum leakage by itself could actually cause an overexposure because
of the necezsity for the dentist’s breathing zone te be located constantly at
the leakage site. NoueLheless, the dentist frequently does work not only very
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¢lose to points at which breathing gas may escape into the environment, but
also for extendsd periods. There is very lictle opportunity for the gas to
mix with and be diluted by ambient air. Also, normally there is a significant
ambient concentration of NyO which contributes to the exposure, For these
reasons, a maximum permissible "good fit" leakage rate of 0.5 cm’/min may be a
reasonable one. Finally, if the mask is accidentally or intentionally moved
Irom a good-fitting position or if a poor fit resules from lack of care or
capability in original placement, 12.5 cm’ of breathing gas would be released
In % secend from a conventional mask, having a poor-fit leakage rate of 3000
cm’/min. Occasional such releases of breathing gas would mormally be very
difficult to avoid with a conventional mask, especially with an uncooperative
patient. Since over 500 cm® are drawn in during a single inhalation, the

telease of 12.5 em? could easily lead ta N0 exposures in excess of the NINSH
REL.

The inlets to the personal sampling system for N,0 in the operatory were
located on the dentist’s and assistant's lapels, a typical lecation used by
industrial hygienists. Because of the large spatial gradients in tha
concentracion of N0 in the breathing zone, this sampling location may not
have given a good representation of the actual exposure of dental persomnel.
Inhaled concentrations may be considerably different than the concentrations
at the lapel, either higher or lower. This potential shortcoming of the study
wvas considered of secondary impeortance to eliminating mask leakage as a source
of eXposure and was neot further investipgated or corrected.

The most significant observation arisinpg from this study is that even with
scavenging, a commorly used mask does not reliably contrel N,0 emissions te
current NIGSH recommendations, because of leakage between the mask and the
patient’'s face. It is evident that simply increasing the scavenging flow rate
to a rcasonable dcgroce doeca net climinate mask emiasions. It is poszible that
adding an elastic headband to the mask may improve its fit to the peint of
eliminating emissions, based upon laboratory cbservations. However, the need
for the dentist to move the mask periodically affects the reliability of this
approach. Also, a redesigned mask, incorperating a flexible slitted skirt on
its outer shell, can considerably enhance capture of the gas leaking from the
inner shell, regardless of the fit and with little or ne further modification
ef the system, as has been shewn in this sctudy, The slits are necessary to
prevent formation of a vacuum seal between the askirt and the patlent's face,
vhich would result in direct vacuum application to the patient’s lungs. In
additien, mouth hreathing can be easily centrolled by & chin-mounted exhaust,
suck as supplied with the Mediewvent system, nr by a cnhast-mmmtad device, sunh
as constructed and tested here. In the laboratory testcing data pressnted
hare, the mask alone was sufficient to capture emissions occurring during
mouth breathing. Tt may be, however, that even though mouth emissions do not
escape into the enviromment when one of these controls is in place, the
dentist could inhale the emissiors moving from the patient’s mouth to the
exhaust Inlet. In follow-up werk, a maszk with improved emissions contrel,
such as the skirted mask tested here, should be constructed and evaluated in
an cperatory. A reliable evaluation would probably necessitate relocating the
sampling inletr from the lapel of the dentist, at least, to a point within an
inch or two of the nese.
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EDUCATION AND TRAINING IN USING DENTAL SCAVENGING EQUIPMENT

In discussions with dental personnel on all three surveys, it was determined
that they knew very little about the selection, use, and maintenance of N,0
scavenging equipment. NIOSH researchers cbserved that purchase and selection
of scavenging systems depends to a large extent on the type of anesthesia
equipment available and contacts with sales representatives. In addition,
instructions on how to set up and operate the scavenging units appeared To be
word-of-mouth, each dentistc and dental assistant having their own style of
using the scavenging eguipment. For example, during the first survey,
different dental assistants adjusted the scavenging aystem vacuur Zlow rate by
listening to the "hissing® sound at the nssal dome or at the walve. This
difference in listening location bhetween dental assistants was by personal
preference. The setup and operation of the scavenging system was the
responsibility of the dental assistants, snd uniess something was obviously
wrong, no further adjustments were made,

During the second survey the selection of the scavenging system exhaust rate
was based on knowledge of superior performance at the recommended rate of

45 1lpm, but, as in the first survey the dental supporc staff raceived very
little education and training in the use and maintenance of scavenging
equipment. Unfortunately, the manufacturer’s instructiocns are usually
discarded when the scavenging equipment is removed from its shipping material.
NIOSH researchers ohserved that instructions on aperating the Porter-Brown
scavenglng units were word-of-mouth; each oral surgeon and surgical assistant
had their own style of using the scavenging equipment, Similar problems
regarding use and maintenance of scavenging equipment were found on the third
survey as well.

NAINTENANCE OF ANESTHETIC DELIVERY AND SCAVENGING SYSTEM EQUIPMENT

During the first two surveys, NIOSH researchers performed a general inspection
of the N,0 anesthesia delivery and scavenging equipment to make sure no
obvious problems were present, such as cracks, heles, or tears in the heses,
breathing bags, or scavenging masks. ®Generally, the N0 delivery machine
equipment was in good repair, including ne leakage from high to low pressure
cormections from the gas cylinders and comnections to the anesthesia delivery
system. However, occasionally, equipment, such as the breathing bag, the
scavenging mask hoses, and the scavenging mask, were not as well maintained.
In the first survey during one of the operations, it was discovered that a
breathing bag was not connected to the anesthesia machine, and sewveral of the
scavenging system hose conmnections, including some new hoses, were not leak
procf. In another instance the N,0 supply and exhaust hoses connected to the
scavenging mask had been reversed. Such eccurrences result from poor
scavenging mask design because the ports should be coler coded or size indexed
to prevent inappropriate conmections.

During the second survey, NIOSH researchers observed that the N0 scavenging
equipment was in good repair, including the gas cylinder delivery area, the
gas delivery system, and the high to low pressure connectors at the surgical
suites. It also was observed that replacement parts were available when
needed. However, NIOSH researchers discovered a small tear in the breathing
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bag that could result in leakage of N,0. It was immediately replaced with a
new one wher the surgical team was informed.

The third survey was the most problematic, having poor equipment maintenance
and Hy0 lcakage. Using a Miran 1B to test each of the gas delivery and
scavenging systems, first day of sampling found that all N,0/0, delivery
systems in the dental c¢linic leaked. A nonleaking anesthesia "head" was
obtained on the second day of the study. Other sources of leaks found by
researchers included cracks in the breathing bags, cracked and worn hoses, and
logse retainer screws located on the N,0 control heads., When the equipment
was replaced with new nonleaking equipment, N0 concentrations were decreased.

CONCLUSIONS
SCAVENGING SYSTEM CONTEOLS

Based on the findings of this research, N,0 exposures can potentially be
controlled in dental operatories te the NIOSH REL of 25 ppm or lower during
the “ime of adriniscration when engineering controls, proper N0 equipment
naintenance, good work practicas, and effective local, auxlliary, and general
ventilation controls are used. When the scavenging system ventilation was
operated at 7 to 12 lpm, personal N,0 exposures for primary operators exceeded
the NIOSH REL in all operatioms. When scavenging system controls were
operated at the recommended 45 lpm, the REL for personal exposures for the
primary operator was exceeded in 57 percent of the operatioms. However, when
scavenging syvstems were operated at 45 1lpm In conjunction with properly placed
auxiliary exhaust operzting at 250 CFM or greater, personal exXposures did not
exceed the NIOSH REL for dental assistants.

MASK LEAKAGE AND PATIENT ACTIVITIES

The infrared scanner proved to be a valuable tool in determining N;0 leakage
from the patient's mask, as well as the amounc of N,0 from patient mouth
breathing. For example, 1t was determined that N0 does not disperse evenly
when the patient mouth breathes. When N,0 i= emitted from the patient's
mouth, it rises in a narrow plume. If a surgical team mewber is in the direct
path of this plume, it results in "peak” exposures which may exceed 1,000 ppm
for that tesm member. In other situations, the surgeon may miss the plume
altegether, or it may enter the breathing zone of the surgical assistant. N0
exposure was dependent upon the randeom currents of the room, patient mouth
breathing, and the breathing zene locations of the surgiral team {i_e_, the
closer the breathing zone of the dentist/surgeon is to that of the patient,
the greater the expesure). Rubber dams did not effectively reduce exposure.
Through the use of infrared thermegraphy, it was determined that M0 was
redirected out of the sides of the patient's mouth, rather than being trapped
inside as previcusly theught. While the redirected plume may lower exposure
direztly above the rubber dam, it may not lower exposure to all surgical team
members as the pas can migrate Into their breathing zones.
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VENTILATION
Geﬁeral

None of the dental facilities had ventilation systems with adequate air volume
to purge and contrel N,0 to below the NIOSH REL In areas where this anearhecic
was beaing used. N,0 exposures were Cypleally higher in closed rooms as
opposad to semi-cpen and open rooms. In some Instances, low concenrrations of
N,0 were present in dental operating rooms prior to the start ef surgery,
possibly because of residual N,0 from previous dental aperations andfor poor
general dilution wventilation.

Scavenging System with Auxiliary Exhsust Ventilation

Auxiliary exhaugt ventilation was successful in contrelling N,0 expasure below
the NIOSH REL. However, when the evaluated exhaust duct openings were placed
cleser than 12 inches to the patient’s mouth: they interfered with the dental
hyglenist s work. At distances greater then 12 inches, relatively large
amounts of air needed to he exhausted (500 to 700 cfm), in order to achieve
the necessary capture velocity.

EDUCATION AND TRAINING IK USING DENTAL SCAVENGING EQUIPMENT

It was detereined that although scavenging svstem use is increasing in dental
oparatories, dental perscnnel are not properly trained to operate and maintain
the N;0 delivery and scavenging equipment and to maximjize their effectiveness.
In addition, dental personnel have very little education and training
regarding the selection of scavenging masks, Instructions from the
manufacturer are usually filed away, misplaced, or discarded when the
scavenging equipment i1s remeved from its shipping material.

ADMINISTRATION GF N,0 DUERING SURGERY

There was wvariability in the concentration of N0 delivered tou the patient, as
well as In the duration of delivery. Administration of H,0 concentration
ranged from 20 to 50 percent amd appeatred to be based on the professional
judgment of the dentist and perception of patient needs. One of the oral
surgeens administered N,O during the initial phase of the surgery and
subsequently turrned off the N,0 when the anesthetic tock effect. relying on
the affects of local anasthesia. As a result of this practice, the N0
concentrations were considerably lower than eother procedures monitored by
NIOSH researchers.

EECOMMENDATICONS

Reducing the amount and frequency of N,0 administration to the patient is one
of the most effective methods of contrel. Prudent use of this aneschetic will
significantly reduce exposure; net using N,O will ellminate the hazard
altogether. However, when N0 is used, a combination of scavenging system,
general and auxiliary exhaust ventilation, good work practices, and equipment
maintenance is needed to reduce and control expasures.
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Specific recommendations for controlling N,0 are presented in s step-wise
fashion, in erder to maximize the effectiveness aof these controls. The
recomrpendations are organized into categories which include the anesthesia
delivery and scavenpging system ventilation, general ventilation, auxiliary
exhaust ventilation, equipment malntrenance, work practices, administrative
controls, envirormen:zal monitoring, and training and education. Table 11
{appearing at the end of this sectien) gives a step-by-step approach for
reducing and controlling N,0 in dental operatories below the NIOSH REL, In
addition, a more thorough discussion of controlling N0 sources from gas
cylinder supply te end use is presented in Appendix A.

EXPOSURE SOURCES AND GONTROL METBODS
Anesthesia Delivery and Scavenging System Contrels
Exposure Sources—-

There are many exposure sources from the delivery and use of N0 in dental
operatories. These sources include leaks from the high-pressure connections,
such as from the gas delivery tanks, the wall comnectors, hoses connected to
the anesthesia mechine, and the anesthesia machine itself. Low-pressure leaks
occur from the connections between the anesthesia flowmeters and the
scavenging mask. This leakage is due to loose fitting connections, defective
and worn seals and gaskets, worn or defective breathing bags and hoses, and
lacsely assembled or deformed slip joints and threadsd connections.

Control Methods--

Toe reduce the petential for N,0 leakage, all conmections should be visually
inspected to see that all parts are properly in places and that all firtings
are secure. Leak testing the equipment and connections should be dome
following wisual inspection. Use of a portable infrared spectrophotometer
which is calibrated for N,0 detection is recommended.

When leakage from the anesthesia equipment is stopped, then contrel of NG at
the scavenging mask is the next priority. Leakage from the scavenging mask
can be one of the most significanr sources of N,0 exposure, While there is
some dilutiom of N,0 due to mixing with room air, the breaching zone of the
dentist is within inches of the mask, resulting in intermittent exposures
exceeding 1,080 ppm. To contrel such exposures:

1 The scavenging system exhaust rates sheuld be approximately 45
lpm. Flow rates less than 3% lpm may result in sipnificant N0

exposure. Flow rates higher than 45 lpm do not significantly
reduce N,0 exposure.

2. Suction pumps should have encugh power to maintain a scavenging
flow at the nasal mask of 45 lpm. Suction pumps alsp should have
enough power to overcome the static pressure drop associated with
the maximum number of installed or "designated" in-line scavenging
units which are operated at the aame time.
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411 suction pumps aspirating N,0-contaminatad air from the patient’s mask
or mouth should he vented outside the building and away from fresh air
inlets,

The scavenging system should alwavs be on when N 1s used: its use
should be continued during recovery from analgesla In order to capture
.0 retained by the patient. An automatic inrerlock system is
recommended tc assure that the N,0 cannet be turned on unless the
scavenging system Ls activated.

A flowmeter should be connected to the scavenging system vacuur line and
positioned so that it is wvisible at all times to dental personmel. A
bypazs flowmeter may have an advartage nver an in-line flovmeter hacause
the former avoids moisture problems from the dental operations in the
vacutm line and interference with the flownmeter ball and airflew scale.

Scavenging system manufacturers should supply a flowmeter kit with their
scavenging system so that such systems can be menitored for recommended
Flow ratesz tov make the system as effective as possible,

Scavenging wasks should be available in a variety of sizes to fit easily
over the patient’s nose. The mash should be pliable, so that when the
mask 1s secured arsund the patient’s nose leaks are minimized. To secure
the mask gently to the patient, the mask should be fastened to the
patient's nese prisr to surgery by using a slip clamp, or comparablc
device, connected to the analgesia hoses which pather near the bhack of
the patient's head and dental chair headrest. Host commerclally
available scaveuging mwasks are equipped with slip clamps. A visual
ohservation should confirm a reasonable fit.

VENTILATION

Genetral Ventilation

1.

Supply register louvers locared in the ceiling should be designed so as
to direct the fresh supply air toward the floor and toward the demtal
zhair to provide mixing, dilution, and removal of the contaminated air
from the operating room. Exhaust register louvers should not be located
near the supply air vents because this will short circuit the airfiow,
therehy preventing praper mixing and flushing of the contaminants from
the room.

If the N,0 concentration is above 25 ppm for dentzl personnel, then
airflow should be inereased in the room to allow For more air mixing and
further dilution of the anesthetic gas. The recirculation of room air is
not recommended; it should be exhausted outdcors and away from windows,
doors, and sir intake vents.

Sweep fans have been shown to be effective in mixing room air and
dilution of anesthetic gas.'® However, sweep fans should be installed
with cantion szince placement of the fan may increzse exposure by
generating eddies in the breathing zone of the dentist or entrairnment of
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tha anesthatic from the patient’s mask and mouth to the dentist’s
breathing zone. If sweep fans are used, the location of the fan should
he se¢ that the room air is blown past the dentist toward the patient. 4An
ait velocicy of approximately 530 to 75 cfm at a distance of 3 to 4 feet
from the patient’s head 1s recommended,!®

4, Users of N0 should consult the Department of Health and Human Services'
publication entcitled "Guidelines for the Genstruction and Equipment of
Hospital and Medical Facilities™ (Publication No. [HRS-M-HF] 84-1, 1984)
for more detailed information regarding ventilation guidalines.'®*

Local Exhaust Ventilation

Local exhaust wventilation has been shown to be effective in reducing N,0.
However, there are practlcal limitations in using it in the dental operatory
which must be considered. These include praximity to the patient,
interference with dental practices, noise, and installation and maintenance
costs, It is most important that the dentist does not work between the
patient and the local exhaust duct, since this will cause the contaminated air
ta be drawn through the dentist's breathing zone.

ADMINISTRATIVE GONTROLS AND N,0 MONITORING

1. Annual reviews of N0 use should be conducted, as well as reviews of the
waste gas reductlon methods employed at the facility. The annual review
should Include environmental air wonitoring, leak testing of equipment,
and personal and envirenmental monitoring. Air menitoring may be
performed eilher by gus bag sampling, real-Lime samplling, amlf/ovr by
diffusive sampling (passive monitors).!®

?, When real-time sampling is conducted, the sampling train should be
attached to the lapel of dental persommnel to obtain personal exposure
data. The sampling port of the sampling train should be connected on the
doninant work side of dental persomnel (i.e., right side if the dentist
is right-handed; left side if left-handed).

3. If diffusive samplers {also known: as passive dosimeters) are used, it is
important to use the methed of sampling ezposure recommended by NIOSH:
Uncap the dosimeter when N,0 is turned on, and recap it when the N0 is
turned off. Keep a time log for the adpinistration of N,0, Indicate to
the company performing thée analysis that tha results are to he veported
for the time the dosimeter is open and not fer an 8-hour day. Present
instructions for dosimeters Indicate that exposure times will be for 8-
hours unless otherwise indicated.

4, Dentists should request information from dental egquipment suppliers on
the proper use of the egquipment and its effectiveness in reducing N0
prior to purchase. Suppliers need to be informed when and where their
products leak.
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5.

Improving instruections and providing educational updates by the
manufacturers to sellers and users may help reduce overall N,0 exposure by
more efficient and prudent use of such systems.

EQUIPMENT MAINTENANCE

This research suggests that leaks are a potential cause of excessive N0
viposure in dentistry. The analgesia equipment concains rubber and plastie
components which may be degraded by the N,0 and 0,, as well as by repeated
sterilization for infection centrel.

1.

All rubber hoses, conmections, tubing, and breathing bags should be
frequently checked to assure that this equipment is in good working
order. Rigorous leak testing can be performed according te the
manufacturer’s recommendations or by the preocedures putlined in the
"Methods”™ section of this report. If new anesthesia gas delivery and
scavenging systems leak because of design and/er quality control
ptoblems, manufacturers should be contacted, aleng with apprepriate
representatives of the American Dental Associatiorn and the Feod and Drug
Administration, to assure that such preblems are fixed immediately.

For gas eylinders, Teflor® tape should be used on all pipe-threaded
comections through which N,0 flows, Tape should not be used on
compression fittings.

digh- to low-pressure cormnections should also he checked regularly.
0-rings may become worn and should be replaced periodically.

The nitrous oxide/oxygen gas mixing system should be evaluated Eor leaks
when first installed and periodically thereafter. This shauld be
serformed daily with pressure gauge readings coupled with perledic use of
an infrared gas snalyzar,

WORK, PRACTICES

1.

The dental personnel should inspect the anesthesia machines and all
connections before starting anesthetic gas administrationm. Breathing
bags should be attached to the anesthesia machine, and hoses and clamps
should be ia place before turning oo the anesthetic gas. Avoid over- or
underinfiating breathing (reservoir) bag while patient is breathing.

The scavenging mask should be connected properly to the gas delivery hose
and the vacuum system. Indexing comnhection ports with different diameter
hogses to reduce the pessibilicy of incorrect connection of the gas
delivery and scavenging hoses is recommended.

N,0 should not be turned on until the following is in placa: fa) the
vacuur system scavenging unit is operating at the recommended flow rate
of 45 1pm; and (b) the scavenging nasal cone is secured over the
patient’s nose prior to surgery.
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To reduce leaks around the nasal cone during gas delivery, the slip clamp
that is attached to the scavenging nasal inhaler hoses should always be
used to seat the mask securely on the patient's mnose.

Oxygen should be administered to the patient through the analgesia
equipment for at least 5 minutes following dental surgery, before the gas
delivery system is discommected from the patient and before the
scavenging system vacuum is turned off.

Fatients should be encouraged to minimize talking and mouth breathing
during dental surgery. However, some talking may be necessary in
aseessing the level of analgesia,

Dental persormel should aveid getting in the direct breathing path of the
patient when mouth breathing is apparent,
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APPENDIX A
ANESTHESIA EQUIPMENT AND EMISSTON SOURCES

The purpose of this section i= to familiarize the reader with N,0 use in
dentistry and to briefly deseribe the sources of N0 exposure, frem gas filled
cylinders to the dentist’s end use of this gas. Exposure to N,0 in dental
operatories may occur from a variety of sources. These emission sources
include the following: compressed gas cylinders {stationary and portable);
the gas piping system for stationary gas cylinders; the anesthesia machine,
the breathing system, reservoir bag, breathing tubes, and the N0 gas delivery
mask.

Compressed Gas Comtainers

Gases used in dental operatories may be supplied from a bank of gas cylinders
located in a central area and commected to a building piping system, or from
smaller, portable gas cylinders located in or near the dental operatory.?

The capacity of a gas cylinder is designated alphabetically, ranging from size
A {smallest) to size H {(largest). The cylinder sizes ccamonly emploved in a
dental practice are the size E for portable units, and the size H {oxygen) and
size G (nitrous oxide) for central systems.? The size E cylinder of oxygen
contains asbout 66 liters, while the size F nitrous oxide cylinder contains
1,590 liters. The K oxygen cylinder centains over 5,300 liters, while the G
nitrous oxide cylinders contain 13,000 liters. Nitrous oxide cylinders are
eolor coded light blue; the oxygen cylinder is color coded green. The
american Dental Asscciation (ADA) has provided recommendations for safe
handling and use of these eylinders. These recommendations inelude the
following instructiens: (1) Open cylinder wvalves very slowly in a
eounterclockwias direction., Close all evylinder walves tightly when not in
use; (2) Use po grease, oil, or lubricant of any kind or type to lubricate
eylinder valves, pgauges, regulators, or other fittings that may contaect gases;
{3) stare full ecylinders in the vertical position; (4) Store cylinders in an
area where the temperature does mot fluctuate, particularly aveiding heat; and
{5) Handle cylinders with care. Especially avoid drepping.?

Gas Piping Systems

large dental clirics typlcally use a piping system to deliver nonflammable
gases, such as nitrous oxide and oxygen., The piping system has the following:
(1) a central supply system with contrel equipment; (2) a piping network that
delivers the gases to locations where they way be required; and (3} station
outlets at each point of use,

Central supply has facilities for storage of gases, controls to deliver the
gases to the piping system at the desired pressure, and alarms and safety
devices. A common type of pasecus oxypen and nitrous oxide supply system
includes two banks of cylinders, When one bank of cylinders is depleted, a
pressure sensanr swlteches on the second barnk of cylinders. Tha depleied bank
ig then replaced with full cylinders to¢ continue the cycle. The cylinders are
connected to a manifold {(header) that converts them into one continuous
supply. Check wvalves are placed in the lead between each cylinder and
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maniZold header. BSwitch-over from the empty toe full cylinder is done by a
pressure-sensltive switch lmown as a manifold changeover device.®

Each bank of cylinders has a pressure regulator that reduces the pressure and
maintains the pressure on the downstream side within prescribed limits despite
the pressure upstream. If nitrous oxide cylinders are located in a cold
place, the regulator may freeze. High use of gas also can cause a regulator
to freeze.® Shuteff and check valves are important safety features of a
central supply system. A manually operated shutoff valve is recommended
upstream of each pressure regulator and a shutoff valve or check valve
downstream.’® Figure 25 is a schematic of a central oxygen and nitrous oxide

supply system with reserve supply. BPoxes 1 and 2 are the manifold change over
devices.

Pipeline distribution systems consist of a main line, riszers, and branch
(lateral} lines. The main line conmnects The central source to either risers
{(vertical pipes), branches (lateral pipes), or baoth. The main supply line
must be equipped with a shutoff (stop) valve located near the entry of the gas
source into the building or room. The purpose of the shutoff is fer an
emergency, roatine maintenance, or modifications of the piping system.

The piping system terminates at the station outlet where the user comnects and
disconnects to equipment either directly or by a flexible hose. At the
station ¢utlet, there is a faceplate that is permanently labeled with the name
and/or symbol of the pas it conveys. The identifying color also may be
present. Each station outlet must contain a valve that opens to allow gas
flow when the male probe is inserted and closes sutomatically when the
connection is broken. The station eutlet must incorporate a shutoff wvalve ‘to
permit repalr or maintenance of other components withour effect. Seals or O-
rings are used between the secondary and primary valve assemblies ta provide a
gas-tight fit. Degradation of these seals or O-rings due to age results in
leaky outlet stations, requiring seal or O-ring replacement.

Each station outlert must incorporate the fixed female component of a
noninterchangeable comnection, elther a Diameter Index Safety System
Connactlon or a quick coupler. The Diameter Index Safety System (DISS) was
developad to provide threaded noninterchangeable connections for medical gas
lines at pressures of 200 pounds per square inch gauge (psig) or less.® DISS
connactions consist of a body, nipple, and nut combination. The safety system
is based upon two concentric and specific bores in the body and two concentric
and specitic shoulders on the pipple. To have noninterchangability between
different comnections, the two diameters on esach part vary io opposite
directions, so that as one diameter increases, the other decreases. Quick
couplers have become popular because pases are frequently needed without
delay, The quick coupler should allow the desired apparatus te be conmected
from the station outlet by a one-step motion using one hand. Each quick
coupler has male and female conponents that are noninterchangeable between
pases. The male member is called a plug, striker, probe, or jack. The female
component is called a socket, Insertion into an incerrect ocutlet is prevented
by indexing — the use of different shapes for mating portions, different
spacing for mating portions, or a combination of these.®
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Figure 25. 3Schematic of a central oxygen and nitrous oxide supply system with

reserve supply.

Eank, £ Haurke #2

o) (O (0) © (OP CHCHE %o)(r)

L 28

ManiFo o [ Headerr

KEY

Marmual Iy controat ! ed sSnUtorT wa lve

Cy | i nder — T2
- N Ploaling SysLam

Check valve

Ral |ef Valve

Praeesure Raegulatar

Mol fold C_Ij‘ﬂi:dar_‘,lJ

|
©) O (o) @ o) (0]

Bemk #1 Baimk #2

Cwv | 1 ndar
I =ar

A

97



Hoses used to connect anesthesia machioes and oviher apparacus to the fixed
station outlet should have permanently attached, noninterchangeable
connectars. The outlet comnector (that connects the hose to the anesthesia
machine) should be the DISS, while the commectors at the end of the station
outlet should be guick couplers.® This confipurarion will encourage making
connections and disconnections at the station outlet rather than at the back
pf the machipe,

The Analgesia Machine

& 1979 American Nationgl Standards Institute {ANSI) standard for anesthesia
machines establishes the basic performance and safety requirements for
compenents of analgesia machines.’ All American anesthesia machine
marufacturers have agreed that machines sold after 1984 will remply with the
standard. Figure 26 is a schematic of the analgesia machine with the
arrangenent of the components grouped arcording teo high, medium, and low
pressure O, and N;0 gas delivery.

The high-pressure system consists of machine parts that receive gas at
cylinder pressurce. These include the following: (1} the hanger yoke that
comnects a cylinder to the machine; (2) the yoke block, used o comnect
cylinders larger than size E or pipeline hoses te the machine through the
yoke: and (3) the eylinder pressure gauge, showing the pas pressure that
converts a hipgh, variable gas pressure into a lower, mere constant pressure
suitable for use in the machine ™

The hanger yoke assembly orients and supports the cylinder, provides a gas-
tight seal, and ensures a unidirectional flow of gases into the machine. This
assenbly has the following parts: (1) the body, which is the principal
framework and supporting structure; {2) tha retalning screw, that is used to
tighten the cylinder into the yoke and helps establish a seal; (3} the nipple,
through which gas enters the machine; (4} the index pins that prevent
attachment of an incorrect cylinder to the yoke; (5] the washer, which alse
helps to form a seal between the cylinder and the yoke; (6) a filter to remove
dirt from the cylinder contents; and (7) the check valve assembly, which
ensures a unidirectional flew of gases through the yoke.

& cylinder pressure gauge is required for cach gas supplied in cylinders. The
gauges are usually of the Bourdor tube type.® The machine standard reguires
that the full scale pressure indication be at least 33 percent greater than
the maxinup cylinder pressure. All cylindetr gauges on a machine

must have an equal span angle (between 180 and 280 degrees) from the lowest to
the highest pressure indication, with the lowest indication between 6 and % on
a clock face.

Oxygen pressure failure devices are required on all ANSI-approved machines.
Delivery of a hypaxic gas mixture due to a gradual or abrupt failure of the
okygen supply during an anesthetie procedure can be a serious problem. The
ARSI machine standard requires that an anesthasia machine be equippad with an
oxygen pressure device, such that a reduction in oxygen flow due to a drop in
the oxygen supply pressure of 50 percent below normal will result in the
cessation of flow of all other gases, inecluding compressed air, or will
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Figure 26. Schematic of anesthesiz machine with the arrangement of the
components grouped according to high, medium, and low pressurs 0,
and N,0 gas delivery,
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automatically produce a proportional drop in the flow of the other gases.
Ozygen fai-ure safety valves are located in the intermediate pressure lines
upstream of the flow control valves of all pases, except oxygen. Oxygen
pressure acts as a control for all other gas systems. Therefore, wher oxygen
pressure drops, the other valwves close and halt the delivery of all other
gases. Audible and/or visible warning of the less of oxygen pressure is
another appreach to this pressure loss. There are two types of alarms: high-
pressure and lew-pressure.’ High pressure alarms are sensitive te depletion
of oxygen In cylinders attached to the machine. Low-pressure alarms are
sensitive to a reductlion in oxygen pressure in the intermediate pressure
oXygen system. Since mest anesthasia machines are operated from pipeline
supplies, _ow-pressure alarms arz more comman. Alarms are claszified by what
povers the alarm, of which there are three: (1) oxygen whistles are desipned
to direct a stream of oxygen thruuzh a whistle when the oxygen pressure falls
below a certain value;'" (2) nitr-us oxide whistles divert a strean of

nitrous oxide through a whistle when the oxygen pressure falls;!'' and {3}
electronic alarms incorporate a pressure-sensitive switeh that initiates an
audible or visible =ignal when the oxygen pressure falls below a preset value.

The flowmeter assembly conirols, measures, and shows the rate of gas flow
passing through it. Moest current anesthesia machines currently io use have
individual flow control walves for each gas (i.e., nitrous oxide and oxygen).
The flowmeter subassembly has a tube through which the gas flews, an
indicator, a stop at the tube’s top, and & scale that shows the flow. The
indicator, or flowmeter, has a rotating bobbin, or rotor, usually made af
aluminum, with a diameter larger than that of the body. Diagonal grooves, or
flutes, are cut inte the rim, When gas passes between the rim of the bobbin
and the wall of the tube, it impinges on the flutes, causing the bobbin to
rotate. Sequence of flowmeters is of preat importance from a human factor's
peint-of-view. The right-hand location of oxygen flowmeter is the standard in
the United States and Canada, but is in disagreement with the world standard
of oxygen on the left side. Confusion about flowmeier sequence could be a
cause of hypoxia 12

One important hazard associliated with flewmeters Is rhe pessibility ihat tho
operater may set the flows so that a hypoxic mixture wlll be delivered. To
prevent this, variocus devices have been developed. Touch-coded oxygen flow
contro] knobs are one safeguard for an anesthesia wmachine standard that
requires the oxygen flow control knobs to have a characteristic fluted profile
and be as large or larger than all other flow contral knobs. The tactile and
visual identity should reduce the hazard of confusion between the oxygen flow
control knob and the knob of another gas and reduce unintentional turning off
or adjustments to lower settings. Anothet confrol on seweral anesthesia
machines regulates the minimum flow of oxygen required before other gases can
flew. This minimum flew is preset at the Factory and an alarm will sound if
the oxygen flow goes below a certain minimum -- even if ne other gases are
being administered. A third coentrel regulates minimum oxygen flow In
propeortion to total pas flow, ensuring that a hypoxic mixture will not be
delivered.

Oxygen-nitrous oxide proportioning devices affer an altermative to
conventional flowmeter tubes.!® These devieces combine nitrous oxide and
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oxygen flowmeter assemblies so that the percentage of oxygen and total fresh
gas flow is dialed directly. The relative concentration of nitrous oxide and
oxygen 1s varied by adjusting the concentration dial from 30 to 100 percent
oxygen. Adjustment of the second dial, the flow control disl, causes the
flows for both nitrous oxide and oxygen to increase or decrease, but they
remain in the propertion set on the concentration dial. Another type of gas
mixer is the monirored dial mixer that allows nitrous oxide and oxygen to be
mixed in any proportion from 30 to 100 percent oxygen at total gas flow rates
between 1 and 20 liters/min,!%

There can be several problems with flowmeters, such as inaccuracy,'® impraper
assembly or calibration,l® dirt,? back pressure, improper aligmnment 18

statie electricity,?® and float damage.?® The flow control wvalve should be
closed when the eylinder valves are opened or the pipeline hoses are connected
to the machine. This will prevent the sudden rise of the indicator to the top
of the flowmeter tube, which might damage the indicater or allow it to remain
unnoticed at the top of the flowmetar. Flowmeter tubes may get dirty and
require occasional cleaning. Cleaning of flowmeters is usually part of the
manulfacturer’s servicing program and should not be carried cut by the user
unless Instructed by the service manual.

The oxygen flush valve receives oxygen from the pipeline inlet or cylinder
regulator and directs a high vmmetered flow to the common gas outlet, With
this flush walve, the anesthesiologist can flood the breathing system with a
high flow of oxygen. The ANSI standard requires that the flow be between 35
to 75 liters/minute,.

Anesthesia machines require regular maintenance to perform reliably. Often a
machine is not inspected until there is a problem. Servicing can reduce the
frequency of failures/malfunctions by replacing damaged or worn parts.
Servicing of the anesthesia machine should be done by an authorized service
representative and at regular intervals. Even with a routine servicing
program, the user still has the responsibility for checking the machine before
each use. PRecords should be kept of each major plece of equipment, including
problems that oceutr, service performed, when it was performed, and by whom,

The ADA has adopted an Acceptance Program for inhalation sedation units that
allow the dentist to evaluate those units being considered for purchase. In
recent years, the primary emphasis has been the addition of safety features to
the units that are aimed at making it difficult to administer less than

20 percent oxygen to a dental patient. The Courwil on Dental Materials,
Instruments and Equipment for evaluatiom has a list of guidelines that may
help the dentist in purchasing a unit acceptable to the ADA.

The Breathing System
The breathing system allows the dentist to take an anesthetic mixture from the
anesthesia machine and present this mixture to the patient. The anesthetics

are conveyed to and from the patient without the disruption of the normal
exchange of oxygen and carbon dioxide.
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Rebreathing includes any gas that has been exhaled from which carbon dioxide
may or may not have been removed, There is a tendency to associate
rebreathing with carbon dioxide accumulation. However, it is possible tc have
partial or total rebreathing without an increase in carbon dioxide
concentration. Breathing systems ghould pravent the accumulatien of carben
dioxide, but the prevention of some rebreathing is not necessarily desirable.

The amount of rebreathing depends on three factors: the fresh gas flow, the
mechanical dead space, and the design of the breathing system. The amount of
rebreathing varies Inversely with the total fresh gas flow. The mechanical
dead spaece is the dead space In a breathing system occupied by gases that are
rebreathed without any change in composition. This dead space may be
minimized by separating inspiratory and expiratory gas streams close the
patient.?! The dasipgn cf tha breathing system may be arranged so that there
is more or less rebreathing.

The Mapleson Breathing System

Mapleson breathing systems are a group of breathing systems characterized by
the absence of directional valves to direct gases to or from the patient.
Since there 1s mo clear separation of inspired and expired gases, the
composition of the inspired mixture is highly dependent on the freshk pgss flows
used. The most common system used in dentistry Is the Maplezon I syatem. The
Mapleson D gystem has a fresh gas inlet at the patient end, a length of
corrugated tubing conmecting the fresh gas inlet to the relief walve, s relief
va've ;f the high-pressure type, and a reservoir bag next to the relief

valve.

Reservoir Bag

The reservoir bag is alse known as the respiratory bag, breathing bag, or,
somewhat erreneousaly, the rchreathing bag.?* Hoeat bags are made of rubber;
gome are plastic. The reservoir bag has four basic functions: (1} it allows
accumulation of gas during exhalation so that a reserveir of gas is available
for the patienz’'s next inspiration, thus, allowing greater econamy cof
anesthetic pases and preventing air dilurion; {2) it provides a means for the
dentist to help or control respirations; (3) it can serve as a visual and
tactile sensor as a monitor of a patient's spontaneocus respirations; and (4)
it acts to protect the patient from excessive pressure in the breathing
system.?*

Breathing Tubes

Large bore, nonrigid breathing tubes, typically composed of corrugated rubber
or plastic, are found in most breathing systems., The plastic tubes are often
clear to permit visual obsesrvation of the interior; they are lightweight to
provide less drag on the scavenging mask; and they are corrugated to prevent
kinking and obstructien. The breathing tubes have twe functions: to act as a
reservoir in certain systems and to provide a flexible, low-resistance,
tightweight connection from one part of the system tu another.?S
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The N,Q Gas Delivery Mask

Nitrous oxide may be delivered te the patient in one of three ways: mnasal
masks, nazal carmulae, and full face wasks. WNasal cannulae and full face
masks are not routine sedation procedures in dentisiry and are more typically
used during energerney pracedures. The nasal mask is nsad most often when
delivering N0 and 0, to the patient during dental surgery. The mask is made
of a flexible rubber compound, usually a silastie rubber, which adapts to the
contours of the patient's face. Nasal masks are coemonly mamafacturad with
twva valves. The expiratory or relief valve permits gas to flow aut of the
avatem only. Preossure builds up in the syastem when the patient exhales, and
the relief walve will open allowlng the gas to escape into the atmosphere.
The second wvalve is the inspiratory valve. Nasal masks are often available in
three sizes; small size for children, mediuwm for small adults, and large for
large adults. Nasal masks are designed to be disconnected from the breathing
hoses to allow cleaning and disinfection. Fipgure 27 shows the analgesia
deli{very system from the 0, and N,0 flowmeter to the mask used for patients.
Figure 28 shows a common nasal mask used for nitrous oxide delivery to the
patient.

Before administering anesthesia, 1t 1s necessary to check all equipment to
make sure it is funetiomal, calibrated, and leak proof., Figure 29 shows the
potential leak sources in the anesthesia delivery system. The anesthesia
mzchine mist be turned on before pases can flow. Before gas supplies are
inspected, all flow control wvalves should be closed by turning them clockwisze.
In hogpital and large dental eperatories, the hose should be securely
connected to the machine, Pressure gauges should be checked to make sure that
proper pressures are availabie. If the machine is egquipped with an oxygen
pressure failure alarm, it should be checked for proper function according to
the mamufaeturer’s instructions. The flovmeter should be examined with no gas
flow to make certain that the indicator is in the ¢ position. Each flow
control valve should be opened and closed slowly while the indicator is
observed as it rises and falls within the tube. The flowmeter ball szhould
rotate freely.

Testing the machine for leaks is normally perforxmed separately from the test
for _eaks in the breathing system.? Testing for leaks by pressurizing the
breathing system fregquently will not detect leaks in the high pressure
components of the machine. Most machines are equipped with unidirectional
check wvalves, either near the common cutlet or in a vaperizer. A pressure
gauge (a standard sphygmomancmeter) is attached to the common gas cutlet ar
the fresh gas hose. The flow centrol valve of a flowmerer on the machine is
opened slowly until the pressure on the gauge reaches 30 em H,0

(22 niliimeters of Mercury). The flow is lowered until a statiec aquilibrium
between the gas flow and the lesk has been established; usually ac a prassure
of 30 ce H,A. Test for leakage at the yoke is recommended. Afrer cylinder
pressures have been checked and the wvalves closed, the cylinder pressure
gauges ate observed for 2 to 5 minutes. A drop in pressure of more than

50 psig shows significant leskage,
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Figure 27.

An analgesia delivery system
mask used for patients,
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4 common nasal mask used for nitrous oxide delivery to the

patient.

Figure 28.
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Sources of N)0 exposure resulting from potential leaks in the

anesthetic delivery system.

Figure 29,
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The oxygen failure safety walve should he tested at the baginning of the day
and/or before each case. This test can be perfermed using either the
pipelines or cylinders as the gas source. Some trecammend that it be performed
with beth sources, A cylinder of each gas on the machine is turned on,
leaving the pipeline hoases disconnected. Flows of 2 liters/min. are
established on the flowmeters for each gas. The oxygen cylinder is themn
turned off. As the preasure of exypgen falls, the oxygen flowmeter indicator
will fall. At a certain oxygen presgure, the indicators for each anesthetic
gas should suddenly fall to 0, To test pipeline gases, all cylinder valves
should be closed and the flow contrel valves opened until the cylinder
pressure gauges register 0 pressure. The pipeline hoses are conmected and
flows established on both anesthetic gas and oxygen flowmeters. The oxygen
hose is dlsconmected. The indicators of the anesthetic gases should fall ta G
with the oxygen indicator.

When the hoses and bag are firmly attached, leaks are minimized. To check for
leaks, the relief valve is closed and the patient potrt of the y-piece
pecluded, The reservoir bag is filled using the oxygen flush until a pressure
of 30-40 cm H,0 water is shown on the pressure gauge. With no additional gas
flow the pressure should not drop more than 5 em Hy0 in 30 seconds. This
corresponds to a leak of less than 50 ce/min,

The Mapleson system pressure gauge should be checked to make certain that it
reads D, System integrity is tested by occluding the patient pert, closing
the relief wvalve, and beginning the oxygen flush on the anesthesis machine to
distend the bag. The bag should maintain the distension and not deflate.
When the relief wvalve is then opened, the bag should deflate.

aAn assortment of masks in various sizes should be readlly available in order
to fit the patient and reduce potential leaks, It may be necessary to Lry a
few mask sizes on the patient's face hefore finding a suitable one.

Suction equipment should be checked by placing a flowmeter with a range of &
to 100 liters per mimite in line. The suction valve should be opened fully ta
find the range of suction flow and then, the valve should be turned back to 43
liters per winute,

New equipment should be checked with the aid of a user’s manual. It will
contain assembly and installation instructlons, a list of requirements, and
daily checking procedures. The manual should be kept in the central
department files and reviewed perledically. A copy of the daily checking
procedures should be kept in the operatory with the equipment. Assembly,
installation, and operation instructions should be carefully follewed.

Preventive maintenance should be contracted with the respective equipment
manufacturers and their trained service representative on 3- to 1l2-menth
intervals depending on frequency of use. Preventive maintenance Includes
inspection, testing, cleaning, lubrication, and adjustment of wvarious:
compenents, Worn or damaged parts are to be fixed or replaced. Such
maintenance can result in detection of deterioration kefore an overt
malfupetion occurs.
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Rocordkeeping for anesthesia equipment 1s eften neglected. Recordkeeping is
important hecause it provides a numher of checks &nd balances: {1} proof that
an effort has been made te keep the equipment in proper working order; (2) a
means of communication with the service representative; (3) a complete, up-to-—
date record for each piece of equipment; (4) a written record that maintenance
by a service representative was performed and shows what was done; (5) a check
on the service rendered by the representative; and (6) a reminder to the user
of when the egquipment needs to be serviced or a component replaced. Figure 30
shows the sources of N0 expoeure resulting from potential leaks in the
anesthetic delivery systemn.

American Dental Agsociation Guidelines for Scavengine Equipment

Because of the variety and quality of N,D scavenging systems and the concern
for patient safety, the ADA has develeped guldelines for scavenging
equipment.?” These guidelines, cecommend that scavenging system equipment
have the following chavacrteristics: (1) be capable of providing N;0-C, flew
rates that comply with or improve upon minlmum concentrations indicated in
current NIOSH and 0OSHA documents: (1) be adaptable to existing sedation,
anesthesia, and exhaust systems; {3) be constructed so as mot to interfere
significantly with the nermal breathing system and delivery of selected gas
concentrations; (4) he effective repardless of the heating and air
conditioning syster in use; (%) be constructed to permit safe and efficient
disposal of the gasas; (b) be effective when more than one device i1s being
used simultansously; and [7) be constructed such that patient rebreathing will
be lnsignificant.

Of two commerclally available scavenging systems provided to the ADA for
testing to dare, only the Porter-Brown systex has been fully tested and
approved.?’ It should be noted that testing of scavenging systems by the ADA
does mot include meeting the NIOSH REL.
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